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PREFACE   TO    VOLUME    II. 


The  present  volume  completes  my  treatise  on  Compara- 
tive Embryology.  The  first  eleven  chapters  deal  with  the 
developmental  histoiy  of  the  Chordata.  These  are  followed 
by  three  comparative  chapters  completing  the  section  of  the 
work  devoted  to  Systematic  Embryology.  The  remainder 
of  the  treatise,  from  Chapter  XIV.  onwards,  is  devoted 
to  Organogeny.  For  the  reasons  stated  in  the  introduction 
to  this  part  the  organogeny  of  the  Chordata  has  been 
treated  with  much  greater  fulness  than  that  of  the  other 
groups  of  Metazoa. 

My  own  investigations  have  covered  the  ground  of  the 
present  volume  much  more  completely  than  they  did  that 
of  the  first  volume ;  a  not  inconsiderable  proportion  of  the 
facts  recorded  having  been  directly  verified  by  me. 

The  very  great  labour  of  completing  this  volume  has 
been  much  lightened  by  the  aasistance  I  have  received  from 
my  friends  and  pupils.     Had  it  not  been  for  their  co-opera- 
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tion  a  large  number  of  the  disputed  points,  which  I  have 
been  able  to  investigate  during  the  preparation  of  the  work, 
must  have  been  left  untouched. 

My  special  thanks  are  due  to  Mr  Sedgwick,  who  has 
not  only  devoted  a  very  large  amount  of  time  and  labour  to 
correcting  the  proofs,  but  has  made  for  me  an  Index  of  this 
volume,  and  has  assisted  me  in  many  other  waya 

Dr  Allen  Thomson  and  Professor  Kleinenberg  of  Mes- 
sina have  undertaken  the  ungrateful  task  of  looking  through 
my  proof-sheets,  and  have  made  suggestions  which  have 
proved  most  valuable.  To  Professors  Parker,  Turner,  and 
Bridge,  I  am  also  greatly  indebted  for  their  suggestions 
with  reference  to  special  chapters  of  the  work. 
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EMBRYOLOGY. 

CHAPTER  I. 

.       CEPHALOCHORDA. 

The  developmental  history  of  the  Cbordata  baa  been  studied  far 
more  completely  than  that  of  any  of  the  groups  so  &«■  considered ; 
and  the  results  which  have  been  arrived  at  are  of  striking  interest 
and  importance.  Three  main  subdivisions  of  this  group  can  be  re- 
cognized: (1]  the  Cephalochordn  containing  the  siogle  genus  Am- 
phiozus;  (2)  the  Urochorda  or  Tunicata;  aod  (3)  the  Vertebrata'. 
The  members  of  the  second  and  probably  of  the  first  of  these  groups 
have  undergooe  degeneration,  but  at  the  same  time  the  members 
of  the  first  group  especially  undergo  a  less  modified  development 
than  that  of  other  Chordata. 

Cephaxochokda. 

Our  knowledge  of  the  development  of  Amphioxus  is  mainly  due 
to  Kowalevsky  {Noe.  I  and  2).  The  ripe  eggs  appear  to  be  dehisced 
into  the  branchial  or  atrial  cavity,  and  to  be  transported  thence 
through  the  branchial  clefts  into  the  pharynx,  and  so  through  the 
moutn  to  the  exterior.     (Kowalevsky,  No.  i,  and  Harshall,  Na  5.) 

When  laid  the  e^^  is  about  OlOS  mm.  in  diameter.  It  is  in- 
vested by  a  delicate  membrane,  and  is  somewhat  opaque  owing  to  the 
presence  of  yolk  graoules,  which  are  however  uniformly  distributed 
through  it,  and  proportionately  less  numerous  than  in  the  ova  of  most 

I  The  term  Tertobrat*  ii  often  nsed  to  include  th«  Cepbttloeborda.  It  U  in  man; 
ways  oonTenient  to  reBtriat  ita  use  to  the  forms  wbioh  have  at  an;  rate  some  in- 
dioations  of  vettebra ;  a  Teetrietion  irhieli  has  the  further  sonvenieiice  of  reetoriiu  to 
the  term  iti  original  limitationa.  In  the  flrat  TOlnme  ol  thii  vork  the  teim  Cranwa 
was  naed  for  the  forms  irhich  I  now  propose  to  oall  Tertebrata. 


B.  E.  II. 
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i  FORUATIOX  OF  THE  LATERS. 

Chordata.     Impregnation  is  external  and  the  Begmentation  is  nearly 
regular  (fig.  1).     A  small  s^mentation  cavity  is  visible  at  the  stage 


o 


Fio.  1.    The  SaaMtiTAtiON  or  Ahfb:uius.    (Copied  itota  Kowolevsk;.) 

A.  Stege  vith  two  equal  segments. 

B.  Stage  with  foni  equal  segments. 

C.  3tage  after  the  tonr  BegmentB  have  beooma  divided  by  an  equatorial  (arrow 
■to  eight  equal  segmeats. 

D.  Stage  in  which  a  single  laj-er  of  oella  encloBes  a  central  Begmentation  csvit;. 

E.  Somevhat  older  stage  in  optical  aeotion. 


with  four  segments,  and  increases  during  the  remainder  of  the  seg- 
mentation ;  till  at  the  close  (fig.  1  E)  the  embryo  consists  of  a  blaatu- 
sphere  formed  of  a  single  layer  of  cells  enclosing  a  large  segmenta- 
tion cavity.  One  side  of  the  blastosphere  next  becomes  invaginated. 
and  during  the  process  the  embryo  becomes  ciliated,  and  commences 
to  rotate.  The  cells  forming  the  invaginated  layer  become  gradually 
more  columnar  than  the  remaiuing  cells,  and  constitute  the  hypo- 
blast; and  a  structural  distinction  between  the  epibWt  and  hypo- 
blast is  thus  established.  In  the  course  of  the  invagination  the 
segmentation  cavity  becomes  gradually  obliterated,  and  the  embryo 
first  assumes  a  cup-shaped  form  with  a  wide  blastopore,  but  soon 
becomes  elongated,  while  the  communication  of  the  archenteron,  or 
cavity  of  invagination,  with  the  exterior  is  reduced  to  a  small  blasto- 
pore (fig.  2  A),  placed  at  the  pole  of  the  long  axis  which  the  sub- 
sequent development  shews  to  be  (Ae  hinder  end  of  the  embryo. 
The  blastopore  is  often  known  in  other  Chordata  as  the  anus  of 
Rusconi.  Before  the  invagination  is  completed  the  larva  throws  off 
the  egg-memhrane,  and  commences  to  lead  a  free  existence. 

Up  to  this  stage  the  larva,  although  it  has  acquired  a  cylindrical 
elongated  form,  has  only  the  structure  of  a  simple  two-layered  gos- 
trula;  but  the  changes  which  next  take  place  give  rise  on  the  one 
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GEPnALOCHORDA.  .1 

haad  to  the  formation  of  the  central  nervous  system,  and  on  the 
other  to  the  formation  of  the  notochord  and  mesohlastic  somites'. 
The  former  structure  is  developed  from  the  epiblast  and  the  two 
latter  from  the  hypoblast. 

The  formation  of  the  central  nervous  system  commences  with  the 
flattening  of  the  dorsal  surface  of  the  embiyo.  The  flattened  area 
forms  a  plate  (fig.  2  B  and  fig.  3  A,  «p),  extending  backwards  to  the 
blastopore,  which  has  in  the  meantime  passed  round  to  the  dorsal 
surface.  The  sides  of  the  plate  become  raised  as  two  folds,  which 
are  most  prominent  posteriorly,  and  meet  behind  the  blastopore,  but 
shade  off  in  front.  The  two  folds  next  unite  dorsally,  so  as  to  convert 
the  previous  groove  into  a  canal' — the  neural  or  medullary  canal. 
They  unite  first  of  all  over  the  blastopore,  and  their  line  of  junction 


D 
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Fio.  3.     EiiBHios  or  Ahthioiub.     (Aiter  Kowalevsky.) 
The  porta  m  bUck  with  white  Unea  ara  epiblftslia ;  the  ahaded  parte  are  hjpoblaatic. 

A.  Outrala  stage  in  optieal  seotion. 

B.  Slightlj  latd  stage  after  the  neural  plate  np  baa  become  diflerentiated,  wen  as 
a  trauBparent  object  from  the  dorsal  side. 

C.  Lateral  view  of  a  slifghtl;  older  larva  in  optioal  section. 

D.  Dorsal  view  of  an  older  larra  with  the  oenial  eanal  completely  oloied  eieept 
for  a  amall  poce  (no)  in  front. 

%.    Old^  larva  seen  aa  a  tranapaEent  object  from  the  aide. 

bl.  blaatopore  (which  becomea  in  D  the  neurenteria  oaoal) ;  ne.  nenninteric  canal ; 
ftp.  nenral  or  medollary  plate;  no.  anterior  opening  of  neural  canal ;  ch.  notocbord ; 
to',  to".  Brat  and  aeoond  meaoblaatio  aomitea. 

extends  from  this  point  forwards  (fig.  2  C,  D,  E).  There  is  in  this 
way  formed  a  tube  on  the  floor  of  which  the  blastopore  opens  behind, 
and  which  is  itself  open  in  front.  Finally  the  medullary  canat  is 
formed  for  the  whole  length  of  the  embryo.  The  anterior  opening 
persists  however  for  some  time.     The  communication  between  the 

I  The  protoveitebm  of  moat  embryologiatswill  be  apoken  of  an  mcHnbtaatic  aomiteH. 
■  The  detaila  of  thla  process  are  spoken  of  below. 
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4  MEDULLARY  CANAL. 

neural  and  alimentary  tracts  becomes  interrupted  when  the  caudal 
fin  appears  and  the  anus  is  formed.  The  aeural  canal  then 
extends  round  the  end  of  the  notochord  to  the  ventral  side,  but 
subsequently  retreats  to  the  dorsal  side  and  terminates  in  a  slight 
dilatation. 

In  the  formation  of  the  medullary  canal  there  are  two  points 
deserving  notice — vie,  (1)  the  connection  with  the  blastopore ;  (2)  the 
relation  of  the  walls  of  the  canal  to  the  adjoining  epiblaat.  With 
reference  to  the  first  of  these  points  it  is  clear  that  the  fact  of 
the  blastopore  opening  on  the  floor  of  the  neural  canal  causes  a 
free  communication  to  exist  between  the  archenteron  or  gaatrula 
cavity  and  the  neural  canal ;  and  that,  so  long  as  the  anterior  pore 
of  the  neural  canal  remains  open,  the  archenteron  communicates 
indirectly  with  the  exterior  (vide  fig.  2  E).  It  must  not  however 
he  supposed  (as  has  been  done  by  some  embryologists)  that  the  pore 
at  the  front  end  of  the  neural  canal  represents  the  blastopore  carried 
forwards.  It  is  even  probable  that  what  Kowalevsky  describes  as 
the  carrying  of  the  blastopore  to  the  dorsal  side  is  really  the  com- 
mencement of  the  formation  of  the  neural  canal,  the  walls  of  which 
are  continuous  with  the  lips  of  the  blastopore.  This  interpretation 
receives  support  from  the  fact  that  at  a  later  stage,  when  the 
neural  and  alimentary  canals  become  separated,  the  neural  canal 
extends  round  the  posterior  end  of  the  notochord  to  the  ventral  aide. 
The  embryonic  communication -between  the  neural  and  alimentiu;^^ 
canals  is  common  to  most  Chordata ;  and  the  tiihe  connecting  them 
will  be  called  the  neuren^eric  canal.  It  is  always  formed  in 
fundamentally  the  same  manner  as  in  Amphioxus.  With  reference 
to  the  second  point  it  is  to  be  noted  that  AmphioxuB  is  exceptional 
amongst  the  Chordata  in  the  fact  that,  before  the  closure  of  the  neural 
groove,  the  layer  of  cells  which  will  form  the  neural  tube  becomes  com- 
pletely separated  from  the  adjoining  epiblast  (fig.  3  A),  and  forms  a 
structure  which  may  be  spoken  of  as  the  medullary  plate  ;  and  that 
in  the  closure  of  the  neural  canal  the  lateral  epiblast  forms  a  complete 


N  Ahphioiob  bhbbyo  at  tHHEK  sTUiES.     {Altet  EowfUcvakjT.) 

A.  Section  at  gsstmla  stage. 

B.  Beetion  of  an  embi^-o  alightl  j  yonnger  than  that  represented  in  fig.  2  D. 

C.  Section  thioagh  the  anterior  part  of  on  embryo  at  the  stage  repreaented  in 
llg.  2  E. 

np.  nciiral  plate;   ne.  ncnral  canal;  mtt.  uohenteron  in  A  and  B,  and  meienteron 
in  C;  cb,  notochord;  tn.  mennhlaHtic  Romile. 
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CEPUALOCUORDA.  6 

layer  above  this  plate  before  the  plate  itself  is  folded  over  into  a 
closed  canal.  This  peculiarity  will  be  easily  understood  from  an 
examination  of  fig.  3  A,  B  and  C. 

Tbe  formation  of  tbe  mesoblafitic  somites  commences,  at  about 
tbe  same  time  as  that  of  the  neural  canal,  aa  a  pair  of  hollow 
outgrowths  of  the  walls  of  the  archenteron.  These  outgrowths, 
which  are  shewn  in  surface  view  ia  fig.  2  B  and  D,  so,  and  in  section 
in  fig.  3  B  and  C,  so,  arise  near  the  front  end  of  the  body  and  gra- 
dually extend  backwards  as  wing-like  diverticula  of  the  archenteric 
cavity.  As  they  ^w  backwards  their  dorsal  part  becomes  divided  by 
transverse  constnctiona  into  cubical  bodies  (fig.  2  D  and  E),  which,  with 
the  exception  of  the  foremost,  soon  cease  to  open  into  what  may  now 
be  called  the  mesenteron,  and  form  the  mesobla.stic  somites.  Each 
mesoblastic  somite,  after  its  separation  from  the  mesenteron,  is  con- 
stituted of  two  layers,  an  inner  one — the  splanchnic — and  an  outer 
— the  somatic,  and  a  cavity  between  the  two  which  was  originally 
continuous  with  the  cavity  of  the  mesenteron.  Eventually  the  dorsal 
pfuts  of  the  outgrowths  become  separated  from  the  ventral,  and  form 
the  muscle-plates,  while  their  cavities  atrophy.  The  cavity  of  the 
ventral  part,  which  ia  not  divided  into  separate  sections  by  the  above 
described  constrictions,  remains  as  the  true  body  cavity.  The  ventral 
part  of  the  inner  layer  of  the  mesoblastic  outgrowths  gives  rise  to  the 
muscular  and  connective  tissue  layers  of  the  alimentary  tract,  and  the 
dorsal  part  to  a  section  of  the  voluntary  muscular  system.  The  ventral 
part  of  the  outer  layer  gives  rise  to  the  somatic  mesoblast,  and  the 
dorsal  to  a  section  of  the  voluntary  muscular  system.  The  anterior 
mesoblastic  somite  long  retains  its  commuQication  with  the  mesenteron, 
and  was  described  by  Max  Sctiultze,  and  also  at  first  by  Kowulevsky, 
aa  a  glandular  organ.  While  the  mesoblastic  somites  are  becoming 
formed  the  dorsal  wall  of  the  mesenterou  develops  a  median  longi- 
tudinal fold  (fig.  3  B,  ch),  which  ia  gradually  separated  off  from  before 
backwards  as  a  rod  (fig.  3  C,  ch),  underlying  the  central  nervous 
system.  This  rod  is  the  notochord.  After  the  separation  of  those 
parts  the  remainder  of  the  hypoblast  forms  the  wall  of  the  mesen- 
teron. 

With  the  formation  of  the  centml^eivous  system,  the  mesoblastic 
somites,  the  notochord,  and  the  alimentary  tract  the  main  systems  of 
oigana  are  established,  and  it  merely  remains  briefly  to  describe  the 
^neral  changes  of  form  which  accompany  the  growth  of  the  larva 
mto  the  adult.  By  the  time  the  larva  is  but  twenty-four  hours 
old  there  are  formed  about  seventeen  mesoblastic  somites.  The 
body,  durine  the  period  in  which  these  are  being  formed,  remains 
cylindrical,  out  shortly  afterwards  it  becomes  pointed  at  both  ends, 
and  the  caudal  fin  appears.  The  fine  cilia  covering  the  larva  ako 
become  replaced  by  long  cilia,  one  to  each  cell.  The  mesenteron  ia 
still  completely  closed,  but  on  the  right  side  of  the  body,  at  the  level 
of  the  front  end  of  the  mesenteron,  tbe  hypoblast  and  epibla.it  now 
grow  together,  and  a  perforation  becomes  formed  through  their  point 
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6  BRANCHIAL  CAVITY. 

of  contact,  which  becomes  the  month.     The  anus  is  probably  formed 
aboiit  the  Bame  time  if  not  somewhat  earlier*. 

Of  the  subsequent  changes  the  two  moat  important  are  (1)  the 
formation  of  the  gill  slits  or  clefts ;  (2)  the  formation  of  the  peri- 
branchial  or  atrial  cavity. 

The  formation  of  the  gill  slits  is,  according  to  Kowalersky's  description, 
BO  peculiar  that  one  ie  almost  tempted  to  snppose  that  his  obserratioDa  were 
made  on  pathological  specimens.  The  following  is  his  account  of  the  pro- 
eesB.  Shortly  after  the  formation  of  the  mouth  there  appeoTH  on  the  Tentral 
line  a  coaleecence  between  the  epiblost  tmd  hypoblast  Here  an  opening  is 
fcmned,  and  a  visceral  cleft  is  thus  established,  which  passes  to  the  leftside, 
viz.  the  ride  opposite  the  mouth.  A.  second  and  apparently  a  third  slit  are 
formed  in  the  same  way.  The  stages  immediately  following  were  not  ob- 
served, hut  in  the  next  stage  twelve  slits  were  present,  no  longer  however 
on  the  left  side,  but  in  the  median  ventral  line.  There  now  appears  on  the 
Hide  opposite  the  mouth,  and  the  same  therefore  as  that  originally  occupied 
by  the  first  thi-ee  clefts,  a  series  of  fresh  clefts,  which  in  their  growth  push 
the  original  clefts  over  to  the  same  side  as  tbe  mouth.  Blach  of  the  fresh 
clefts  becomes  divided  into  two,  which  form  tbe  permanent  clefts  of  their 

Tbe  gill  slits  at  first  open  freely  to  the  exterior,  but  during  their 
formation  two  lateral  folds  of  the  body  wall,  containing  a  prolongation 
of  the  body  cavity,  make  their  appearance  (fig.  4  A),  and  grow  down- 
wards over  tbe  pU  clefts,  and  finally  meet  and  coalesce  along  the 


rio.  i.     Skctionb  thbou(W  two  uitakckd  Kiibbyob  op  Amfbioios  to  waxm  laa 
roBMATioK  or  TBB  psBiBiuHCHUL  ciTiTY.     (After  Kowftlevaky.) 
In  A  an  nen  two  foldi  of  tbe  body  »k11  with  a,  prolongation  of  the  bodj  cavity. 
Id  6  the  two  folds  have  ooaleeoBd  TBOtrally,  forming  s  oavity  into  whieh  a  branchial 
deft  it  seen  to  open. 

ma.  mesenteron;  br.e.  branchia]  eavit;;  pp.  bodyoanty. 

ventral  line,  leaving  a  widish  cavity  between  themselves  and  the  body 
wall.  Into  this  cavity,  which  is  lined  by  epiUast,  the  gill  clefts  open 
(fig.  4  B,  hr.c).  This  cavity — which  forms  a  true  peribrancbial  cavity — 
is  completely  closed  in  front,  but  ovring  to  the  folds  not  uniting 
completely  behind  it  remains  in  communication  with  the  exterior  by 
an  opening  known  as  the  atrial  or  abdominal  pore. 

'  The  lateral  pomtioo  of  the  month  in  tbe  ambiTo  Amphknea  has  been  regatded  as 
proving  that  the  mouth  lepresenti  a  brannliial  oleft,  but  tbe  general  asymmeti?  of  the 
orgauR  is  sneb  that  no  grcwt  stresf  can,  I  think,  be  bud  on  tbe  podtion  «f  the  mouth. 
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CEPHALOCHORDA.  7 

The  vascular  system  of  Amphioxus  appeeurs  at  about  the  same 
time  aa  the  fiiBt  visceral  clefts. 
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CHAPTER   II. 
UROCHORDA'. 

In  tin  Solitaiia,  except  Cyothia,  the  eggs  are  generally  laid,  and 
impiwnatioD  in  effected  Bometimes  before  and  sometimes  after  the 
e^s  have  left  the  atrial  cavity.  In  Cynthia  and  most  Caduci- 
cbordata  development  takes  place  within  the  body  of  the  parent, 
and  in  the  Salpidee  a  vascular  coniiection  is  eetablished  between  the 
parent  and  the  single  foetus,  forming  a  structure  physiologically  com- 
parable with  the  Mammalian  placenta. 

Solitaria.  The  development  of  the  Solitary  Ascidians  has  been 
more  fully  studied  than  that  of  the  other  groups,  and  appears  moreover 
to  be  the  least  modified.  It  has  been  to  a  great  extent  elucidated 
1^  the  splendid  researches  of  Kowalevaky  (Nos.  i8  and  20),  whose 
statements  have  been  in  the  main  followed  in  the  account  below. 
Their  truth  seems  to  me  to  be  established,  in  spite  of  the  scepticism 
tiiey  have  met  with  in  some  quarters,  by  the  doseness  of  their  cor- 
respondence with  the  developmental  phenomena  in  Amphioxus. 

The  type  most  fully  investigated  by  Kowalevskv  is  Ascidia 
(Phallusia)  mammillata;  and  thu  following  description  must  be 
taken  as  more  especially  applying  to  this  type. 

The  segmentation  is  complete  and  regular.  A  small  segmentation 
carity  appears  fairly  early,  and  is  surrounded,  accordiug  to  Kowalevaky, 
by  a  single  layer  of  cells,  though  on  this  point  Kupffer  (No.  27)  and 
Qiard  (No.  1 1 }  are  at  variance  with  him. 

'  The  folloiring  eUMifleatioo  at  the  Uroohorda  is  kdc^ted  io  the  {nvMut  eh^tter. 

L   Cadiudchordata. 

A.     SiMTLKU    J8ooWk«.CJat.elI«o. 
C-     Co-*""    IffiX. 

II    Perennichordsta. 

Ex.  Apptndiet^ria. 
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UROCSORDA. 


The  segmentatioD  is  followed  by  an  inv^Dation  of  nearly  the 
same  character  as  in  Ampbioxus.  The  blastosphere  resulting  from 
the  segmentatioii  first  becomes  flattened  on  one  side,  and  the  cells 
on  the  flatter  side  become  more  columnar  (fig.  8  i.).  Very  shortly 
a  cup-shaped  form  is  assumed,  the  concavity  of  which  is  lined  by 
the  more  colamnar  cells.  The  mouth  of  the  cup  or  blastopore  next 
becomes  narrowed;  while  at  the  same  time  the  embryo  becomes 
ovaL  The  blastopore  is  situated  not  quite  at  a  pole  of  Uie  oval  but 
in  a  position  which  subsequent  development  shews  U>  he  on  the 
dorsal  side  close  to  the  posterior  end 
of  the  embryo.  The  long  axis  of  the 
oval  corresponds  with  the  long  axis 
of  the  embryo.  At  this  stage  the 
embryo  consiBte  of  two  layers;  a 
columnar  hypoblast  lining  the  central 
cavity  or  archenteron,  aiul  a  thinner 
epiblastic  layer.  The  dorsal  side  of 
the  embryo  next  becomes  flattened 
(fig,  8  II.),  and  the  epiblast  covering 
it  is  shortly  afterwards  marked  by 
an  axial  groove  continued  forwards 
from  the  blastopore  to  near  the  fiont 
end  of  the  body  (fig.  6,  mj?).  This  is 
the  medullary  groove,  and  it  soon 
becomes  converted  into  a  closed  canal 
— the  medullary  or  neural  canal — 
below  the  external  ekin  (fig.  6,  nx). 
The  closure  is  effected  by  the  folds  on  each  side  of  the  furrow 
meeting  and  coalescing  dorsally.  The  original  medullary  folds  fall 
into  ooe  another  behind  the  blastopore,  so  that  the  blastopore  is 
situated  on  the  floor  of  the  groove,  and,  on  the  conversion  of  the 
groove  into  a  canal,  the  blastopore  connects  the  canal  with  the 
archenteric  cavity,  and  forms  a  short 
neureoteric  canal     The  closure  of  the  '*'" 

medullary  canal  commences  at  the  blas- 
topore and  is  thence  continued  forwards, 
the  anterior  end  of  the  canal  remaining 
open.  The  above  processes  are  repre- 
sented in  longitudinal  section  in  fig. 
8  III,  n.  When  the  neural  canal  is 
completed  for  its  whole  length,  it  still 
communicates  by  a  terminal  pore  with 
the  exterior.     In  the   relation  of  the 
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Tkuibtsbsi     ucnoN 

B>TO       or      taUAAJtIA.     MIHHILLAM. 

[Aftw  Eowalevaky.) 

The  embtyo  ji  alightl;  jonnget 
than  (bs(  represented  in  Sr.  8  lu. 

mg.  mednmr;  nooTe;  aj.  ali- 
mentar;  tniat. 


FlO.  6.         TlUKBVXBSE     [ 


medullary  canal  to  the  blastopore,  as 
well  as  in  the  closure  of  the  medullar}' 
groove  from  behind  forwards,  the  Soli- 
tary Ascidians  i^ree  closely  with  Am- 
pbioxus. 


BBIO     or    pHiLLDBlA     1 

(After  XowalevBky.)  ■ 

The  KctioD  is  from  an  embijo 
of  llie  ume  age  m  fig.  8  iv. 

eh.  notocbora ;  n.c.  DearsI 
canal;  me.  tncEoblast ;  at.  hvpo- 
blMtotUil. 
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10  SOTOCHORD. 

The  cells  of  the  .dorsal  vail  of  the  archenteron  immediately 
adjoining  the  front  aod  sides  of  the  blastopore  have  in  the  mean- 
time assumed  a  somewhat  different  character  from  the  remaining 
cells  of  the  archenteron,  and  give  rise  to  a  body  which,  when 
viewed  from  the  dorsal  surface,  has  somewhat  the  form  of  a 
horseshoe.  This  body  was  first  observed  by  Metflchnikoff,  On  the 
elongation  of  the  embryo  and  the  narrowing  of  the  blastopore  the 
cells  forming  this  body  arrange  themselves  as  a  broad  linear  cord, 
two  cells  wide,  underlying  about  the  posterior  half  of  the  neural 
canal  (fig.  7,  ch).  They  form  the  rudiment  of  the  notochord,  which, 
as  in  Amphiozus,  is  derived  from  the  dorsal  wall  of  the  archenteron. 
They  are  seen  in  longitudinal  section  in  fig.  8  ii.  and  iii.  cA. 

With  the  formation  of  the  notochord  the  body  of  the   embryo 

becomes  divided  into  two  distinct  regions — a  posterior  r^on  where 

the  notochord  is  present,  and  an  anterior  region  into  which  it  is  not 

prolonged.     These   two   regions   correspond   with   the  tail  and  the 

trunk  of  the  embryo  at  a  slightly  later  stage.     The  section  of  the 

arcbenteric  cavity  in  the  trunk  dilates  and  constitutes  the  permanent 

mesenteron  (figs.  7,  al,  and  8  in,  and  IV.  M).  It  soon  becomes  shut  off 

from  the  slit-like  posterior  part  of  the 

archenteron.    The  nervous  system  in  this 

part  also  dilates  and  forms  what  may  be 

called  the  cephalic  swelling  (fig.  8  iv.}, 

and  the  pore  at  its  anterior  extremity 

gradually  narrows  and  finaUy  disappears. 

In  the  region  of  the  tail  we  have  seen 

that  the  dorsal  wall  of  the  archenteron 

becomes  converted  into  the  notochord, 

which  immediately  underlies  the  posterior 

**  part  of  the  medullary  canat,  and   soon 

me  becomes  an  elongated  cord  funned  of  a 

^ngle  or  double  row  of  flattened  cells. 

The   lateral    walls   of   the   archenteron 

(fig.  7,  nte)  in  the  tail  become  converi,ed 

into  elongated  cells  arranged  longitddi- 

Fio.  7.    Opticai.  BEcnoN   of     nally,  which  form  powerful  lateral  muscles 

AN   EHBfito  OF  Phaij.dsia  iiiji-     (fig  g  IV. »»).    Aftct  the  fomiation  of  the 

""'Th*'    w**^^ri"''^e  notochord   and   of  the   lateial   muscles 

AB  fia  8^  bS  U  seen  in*lragiin^    there  remains  of  the  archenteron  in  the 

diaal  horizontal  Bcction.  tail  only  the  ventnU  wall,  which  accord- 

(ii.alimentBijtnMt  in  anterior    iog  to  Kowalevsky  forms  a  simple  cord 

part  of  body;  ch.  notochord;  tut.      o£  cells    (fig.  6,  al).      It    is    however    not 

"'*"°  "*■  always  present,  or  else  has  escaped  the 

attention  of  other  observers.  It  is  stated  by  Kowalevsky  to  be 
eventually  transformed  into  blood  corpuscles.  The  neurenteric  canal 
leads  at  first  into  the  narrow  space  between  the  above  structures, 
which  is  the  remnant  of  the  posterior  part  of  the  lumen  of  the 
archenteron.  Soon  both  the  neurenteric  canal  and  the  caudal  rem- 
nant of  the  archenteron  become  obliterated. 
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PlO.  8.     VaBIOUS  iTAOIB  IN  THI  MmutsttEXt  ot  Phallcsu  ttUmiLUTl. 
{From  Htixl«7;  after  EowalaTak;.} 
The  embrjoi  »re  represenled  in  longitudinal  Tertioal  Beotioo. 

I,  CommeDoing  gastmla  stage,    fh,  B^ment&tion  catitj. 

II.  Late  gastrnla  stage  with  flattened  dOFsal  nufaoe.  eo.  blastopore;  eh.  nolo- 
chord;  dd.  hjpoblaat. 

nt.  A  more  ftdvanoed  embryo  with  a  partiaHj-formed  neural  tabe.  ch.  and  dd. 
as  before;  n.  neural  tabe;  e.  epibtaat. 

IV.  Older  embryo  in  whieh  the  formtition  of  the  neural  tube  ia  eotnpleted.  Jd. 
hypoblMt  enoIOBiDB  peraistent  section  of  alimentarj'  tract;  dd'.  hypoblast  in  the  tail; 
w.  muscles. 

T.  Itfirra  just  batched.  The  end  of  the  tail  is  not  represented,  a.  eye;  gb.  dilated 
extremi^  of  nenral  tnbe  with  otolith  projecting  into  it ;  Sg.  anterior  swelling  ol  the 
spinal  division  ol  the  neural  tube ;  /.  anterior  pore  of  neural  tnbe ;  Rm.  posterior  part  ot 
uenrkl  tnbe;  n.  month;  Clu.  noloehord;  kl,  atrial  invagination;  dd.  brancbisl  region 
ot  alimentary  tract;  d,  commencement  of  (esophagus  and  stomaoh;  dd!.  hypoblast  in 
the  tail;  m.  muscles;  hp.  papilla  for  attachment. 

VI.  Body  and  anterior  part  of  the  tail  of  a  two  days'  larva,  klm.  atrial  apertnre ; 
fn.endostyle;  ki.  branchial  sack;  Ikt,  2k:  branchial  slits;  bb.  branchial  vessel  between 
them;  efe.  axial  portion  of  notochord ;  cA>.  peripheral  layer  ot  cells.  Other  leterenue 
letters  as  before. 
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12  THE   TEST. 

During  the  above  changes  the  tail  becomes  considerably  elongated 
and,  owing  to  the  larva  being  still  in  the  egg-shell,  is  bent  over  to 
the  yentr^  aide  of  the  trunk. 

The  larva  at  this  st^e  ia  represented  in  a  aide  view  in  fig.  8  IV. 
The  epidermis  is  formed  througnout  of  a  single  layer  of  cells.  In 
the  trunk  the  mesenteron  is  shewn  at  dd  and  the  dilated  part  of  the 
nervous  system,  no  longer  communicating  with  the  exterior,  at  n. 
In  the  tail  the  notochord  ia  shewn  at  ch,  the  muacles  at  m,  and  the 
solid  remnant  of  the  ventral  wall  of  the  archenteron  at  dd'.  The 
delicate  continuation  of  the  neural  canal  in  the  tail  is  seen  above  tlie 
notochord  at  n.  An  optical  section  of  the  tail  is  shewn  in  fig.  6. 
It  is  worthy  of  notice  that  the  notochord  and  muscles  are  formed 
in  the  same  manner  aa  in  Amphioxus,  except  that  tbe  process 
is  somewhat  simplified.  The  mode  of  disappearance  of  the  archen- 
teric  cavity  in  the  tai\\,  by  the  employment  of  the  whole  of  its  walls 
in  the  formation  of  various  organs,  is  so  peculiar,  that  I  feel  some 
hesitation  in  accepting  Kowalevsky's  statements  on  this  head'. 

The  larva  continues  to  grow  in  length,  and  the  tail  becomes 
further  curled  round  the  ventral  side  of  the  body  within  the  egg- 
membrane.  Before  the  tail  has  nearly  reached  its  ftiU  length  tie  test 
becomes  formed  as  a  cuticular  deposit  of  the  epiblast  cells  (O.  Hertwig, 
No.  13,  Semper,  Na  37).  It  appears  first  in  the  tail  and  gradually 
extends  till  it  forms  a  complete  investment  round  both  tail  and 
trunk,  and  is  at  fitret  totally  devoid  of  cells.  Shortly  after  the 
establishment  of  the  test  tlxere  grow  out  from  the  anterior  end  of  tbe 
body  three  peculiar  papilla;,  developed  as  simple  thickenings  of  the 
epidermis.  At  a  later  stage,  after  the  hatching  of  the  larva,  these 
papillae  develop  glands  at  their  extremities,  secreting  a  kind  of 
■glutinous  fluid  .  After  these  papillje  have  become  formed  cells  first 
make  their  appearance  in  the  test ;  and  there  is  simultaneously 
formed  a  fresh  inner  cuticular  layer  of  the  test,  to  which  at  first  the 
cells  are  confined,  though  subsequently  they  are  found  in  tbe  outer 
layer  also.  On  the  appearance  of  cells  in  the  test  the  latter  must  be 
regarded  as  a  form,  though  a  very  abnormal  one,  of  connective  tissue. 
When  the  taU  of  the  larva  has  reached  a  very  considerable  length 
the  egg-membrane  bursts,  and  the  larva  becomes  free.  The  batching 
takes  place  in  Asc.  caoina  about  48 — GO  hours  after  impregnation. 
The  free  larva  {fig.  8  V.)  has  a  swollen  trunk,  and  a  very  long  tail, 
which  soon  becomes  straightened  out.  It  has  a  striking  resemblance 
to  a  tadpole  {vide  fig.  10). 

In  tbe  free  larval  condition  the  Ascidians  have  in  many  respects 
a  higher  organization   than  in  the  adull  state.     It  is  accordingly 

'  It  IB  more  probable  (hat  this  part  of  the  alimeataiy  tract  i»  equivalent  to  the 
poxt-anal  got  of  man;  Vertebrata,  which  is  at  firat  a  complete  tube,  but  disappears 
later  b;  tbe  siniple  absorption  of  (he  nulls. 

*  It  ia  probable  that  thfse  papillm  are  lery  primitive  ori^na  of  the  Chordata. 
StraotareB,  nhich  are  probably  of  the  Fiamc  nature,  are  foimed  behind  the  month  in 
the  larva  of  Amphibia,  and  in  trout  of  tbe  mouth  in  the  larvie  of  Oanoids  (A<:ipeni;er, 
LepidoBteus),  and  are  uiied  bj  theaa  laiTtt  for  altachinK  themnelves. 


3y  Google 


UROCHORDA.  13 

convenient  to  divide  the  subsequent  development  into  two  periods, 
the  firat  embracing  the  stf^es  from  the  condition  represented  in 
fig.  8  v.  up  to  the  fill!  development  of  the  free  larva,  and  the  second 
the  period  from  the  full  development  of  the  larva  to  the  attainment 
of  tlie  fixed  adult  condition. 

Growth  and  Structure  of  the  Jree  larva. 

The  nervous  Bystem.  The  nervous  system  was  left  as  a  closed 
tube  consisting  of  a  dilated  anterior  division,  and  a  narrow  posterior 
one.  The  former  may  be  spoken  of  as  the  brain,  and  the  latter  as 
the  spinal  cord;  although  the  homologies  of  these  two  parts  are 
quite  uncertain.  The  anterior  part  of  the  spinal  cord  lying  within 
the  trunk  dilates  somewhat  (fig.  8  V.  and  vi.  Bg)  and  there  may 
thus  be  distinguished  a  trunk  and  a  caudal  section  of  the  spinal  cord. 

The  original  single  vesicle  of  the  brain  becomes  divided  by  the 
time  the  larva  is  hatched  into  two  sections  (fig.  9) — (1)  an  anterior 
vesicle  with,  for  the  most  part,  thin  walls,  in  which  unpaired  auditory 
and  optic  organs  make  their  appearance,  and  (2)  a  posterior  nearly  solid 
cephtdic  ganglion,  through  which  there  passes  a  narrow  continuation 
of  the  central  canal  of  the  nervous  system.  This  ganglion  consists 
of  a  dorsal  section  formed  of  distinct  cells,  and  a  ventral  section 
formed  of  a  punctated  material  with  nuclei.  The  auditory  organ' 
consists  of  a  '  crista  acustica '  (fig.  9),  in  the  form  of  a  slight  promi- 
nence of  columnar  cells  on  the  ventral  side  of  the  anterior  cerebral 
vesicle ;  to  the  summit  of  which  a  spherical  otolith  is  attached  by 
fine  hairs.  In  the  crista  is  a  cavity  containing  clear  fluid.  The 
dorsal  half  of  the  otolith  is  pigmented :  the  ventral  half  is  without 
pigment.     The  crista  is  developed  in  aitu,  but  the  otolith  is  formed 


Fig.  9,    Labv*  of  Abcidu  HENrniii.    (From  Oegenbanr;  after  Kapifer.) 

Oaij  the  MDterior  part  ot  the  tail  is  repreMated. 

If.  anterior  awelling  of  nenral  tnbe;    y,  tuiterior  ^veiling  of  spinftl  portion  of 

neural  tube;  n.  hinder  part  Of  nenral  tubej  ch.  notochord;   K.  bnoobiftl  region  ot 

alinenlsi?  tnot;    d.  ceeoph&Ksal  and  gaatrio  region   of  alimentary  tract;    0.  eye; 

a,  otolith;  o.  moath;  (.  papilla  for  attachment. 

from  a  single  cell  on  the  dorsal  side  of  the  cerebral  vesicle,  which 
forms  a  projection  into  the  cavity  of  the  vesicle,  and  then  travels  (in 

'  For  a  fuller  aoooant  of  the  oigum  ot  eauie  vide  (he  ohqiterflon  the  ejeandear. 
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a  manaer  not  clearly  made  out)  round  the  right  side  of  the  vesicle 
till  it  comas  to  the  crista;  to  which  it  is  at  first  attached  by  a 
narrow  pedicle.  The  fully  developed  eye  (fig^  8  vi.  and  9,  0)  consists 
of  a  cup-shaped  retina,  which  forma  a  prominence  slightly  on  the 
right  side  of  the  posterior  part  of  the  dorsal  wall  of  the  anterior 
cerebral  vesicle,  and  of  refractive  media.  The  retina  is  formed  of 
columnar  cells,  the  inner  ends  of  which  are  imbedded  in  pigment. 
The  refractive  media  of  the  eye  are  directed  towards  the  cavity  of 
the  cerebral  vesicle,  and  consist  of  a  biconvex  lens  and  a  meniscus. 
Half  the  lens  is  imbedded  in  the  cavity  of  the  retina  and  surrounded 
by  the  pigment,  and  the  other  half  is  turned  toward  a  concavo-convex 
meniscus  which  corresponds  in  position  with  the  cornea.  Tbe  de- 
velopment of  the  meniscus  and  Iodb  is  unknown,  but  the  retina 
is  formed  (fig.  8  v,  a)  as  an  outgrowth  of  the  wall  of  the  brain.  At 
the  inner  ends  of  the  cells  of  this  outgrowth  a  deposit  of  pigment 
appears. 

The  trunk  section  of  the  spinal  cord  (fig.  9,  N)  is  separated  by  a 
sharp  constriction  from  the  bram.  It  is  formed  of  a  superficial  layer 
of  longitudinal  nervous  fibres,  and  a  central  core  of  ganglion  cells. 
The  layer  of  fibres  diminishes  in  thickness  towards  the  tail,  and 
finally  ceases  to  be  visible.  Kupffer  detected  three  pairs  of  nerves 
passing  off  from  the  spinal  cord  to  the  muscles  of  the  tail.  The 
foremost  of  these  arises  at  tbe  boundary  between  the  trunk  and  the 
tail,  and  the  two  others  at  regular  intervals  behind  this  point. 

The  maBoblast  and  moscular  Bystem.  It  has  already  been  stated 
that  the  lateral  walls  of  the  arcnenteron  in  the  tail  give  rise  to 
muscular  cells.  These  cells  lie  about  three  abreast,  and  appear 
not  to  increase  in  number;  so  that  with  the  growth  of  the  tail 
they  grow  enormously  in  length,  and  eventually  become  imperfectly 
striated.  The  mesoblast  cells  at  the  hinder  end  of  the  trunk,  close 
to  its  junction  with  tbe  tail,  do  not  become  converted  into  muscle 
cells,  but  give  rise  to  blood  corpuscles;  and  tbe  axial  remnant  of  the 
archenteron  undeigoes  a  similar  fate.  According  to  Kowalevsky  the 
heart  is  formed  during  larval  life  as  an  elongated  closed  sack  on 
the  right  side  of  the  endostyle. 

The  notochord.  The  notochord  was  left  as  a  rod  formed  of  a 
single  row  of  cells,  or  in  As.  canina  and  some  other  forms  of  two 
rows,  extending  fixim  just  within  the  border  of  the  trunk  to  the  end 
of  the  tail 

Aocording  to  Kowalevsky,  Kupffer,  Qi&rd,  etc.  tbe  notochord  under- 
goes a  further  devdopment  whicb  finds  its  only  complete  parallel  amongst 
Ohordftta  in  ttie  doubtful  cam  of  Ampbioxus. 

Tbare  appear  between  tbe  cells  peculiar  highly  refractive  discs  (fig.  8  v. 
Cht).  These  become  largerandbirger,  and  finally,  aiter  pushing  tbe  remnants 
of  die  cells  with  their  nuclei  to  the  sides,  coalesce  ti^tber  to  form  a  oou- 
tiuuous  axis  of  fayaline  substance.  The  remnants  of  the  cells  with  their 
nuclei  form  a  sheath  round  the  hyaline  axis  (fig.  8  vi.  eh.).  Whether  the 
axis  is  to  be  regarded  as  formed  of  an  iutercelliilar  aubsttuice,  or  of  a  difier- 
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e&tiation  of  parts  of  tho  ceUs  u  still  doubl^ul.  Eupfier  inclineB  to  the  I&t- 
ter  view ;  the  analogy  of  the  notochord  of  higher  ^pes  appears  to  me  to  telJ 
ia  favour  of  the  former  one. 

The  alimentary  tract.  The  aoterior  part  of  the  primitive  ar- 
chenteron  alone  retaiDs  a  luiuea,  and  from  this  part  the  whole  of  the 
permaaeat  alimentary  tract  (mesenteron)  becomes  developed.  The 
anterior  part  of  it  grows  upwards,  and  before  hatching  an  involu- 
tion of  the  epiblast  on  the  dorsal  side,  just  in  fAmt  of  the  anterior 
extremity  of  toe  nervous  system,  meets  and  opens  into  this  upgrowth, 
and  gives  rise  to  the  permanent  mouth  (fig.  8  T.  o). 

KowHlevsky  statee  that  a  pore  ia  formed  at  the  front  end  of  the  nervous 
tube  leadiog  into  the  mouth  {fig.  8  v.  and  \i./)  which  eventually  gives 
rise  to  the  dJiated  sack,  which  lies  in  the  adult  at  Uie  junction  between  the 
month  and  tite  branchial  sock.  Kupffer  however  was  unable  to  find 
diis  opening;  but  Kowalevaky's  observations  are  confirmed  by  those  of 
S&lensky  on  Salpa. 

From  the  hinder  end  of  the  alimentary  sack  an  out^owth  directed 
dorsalwards  makes  its  appearance  (figs.  8  T.  and  9,  d),  from  which  the 
oesophagus,  stomach  and  intestine  become  developed.  It  at  first 
ends  blindly.  The  reminder  of  the  primitive  alimentary  sack  gives 
rise  to  the  branchial  sack  of  the  adult  Just  after  the  larva  has  be- 
come hatched,  the  outgrowth  to  form  the  stomach  and  oesoph^is,  etc. 
bends  ventralwanls  and  to  the  right,  and  then  turns  again  in  a  dorsal 
and  left  direction  till  it  comes  close  to  the  dorsal  surface,  somewhat  to 
the  left  of  and  close  to  the  hinder  end  of  the  trunk.  The  first  ventral 
loop  of  thi^  part  gives  rise  to  the  (esophagus,  which  opens  into  the 
stomach;  from  this  again  the  dorsally  directed  intestine  passes  off. 

On  the  ventral  w^l  of  the  branchial  sack  there  is  formed  a  narrow 
fold  with  thickened  walls,  which  forms  the  endostyle.  It  ends  ante- 
riorly at  the  stomodteum  and  posteriorly  at  the  point  where  the  solid 
remnant  of  the  archenteron  in  the  tail  was  primitively  continuous  with 
the  branchial  sack.  The  whole  of  the  alimentary  wall  is  formed  of  a 
single  layer  of  hypoblast  cella 

A  most  important  organ  connected  with  the  alimentary  system 
still  remains  to  be  dealt  with,  viz.  the  atrial  or  peribranchial  cavity. 
The  first  rudiments  of  it  appear  at  about  the  time  of  hatching,  in 
the  form  of  a  pair  of  dorsal  epihlastic  involutions  (fig.  S  T.  kV),  at  the 
level  of  the  Junction  between  the  brain  and  the  spinal  cord.  TheFe 
involutions  grow  inwards,  and  meet  corresponding  outgrowths  of  the 
branchial  sack,  with  which  they  fuse.  At  the  junction  between  them 
is  formed  an  elongated  ciliated  slit,  leading  from  the  branchial  sack 
into  the  atrial  cavity  of  each  side.  The  slits  so  formed  are  the  first 
-  pur  of  branchial  clefts.  Behind  the  first  pair  of  branchial  clefts  a 
second  pair  is  formed  during  larval  life  by  a  second  outgrowth  of  the 
branchial  sack  meeting  the  epiblaatic  atrial  involutions  (fig.  8  VI.  1A» 
and  2^).  The  intestine  at  first  ends  blindly  close  to  the  left  atrial 
involution,  but  the  anus  becomes  eventually  formed  by  an  opening 
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beiog  established  betweea  the  left  atrial  involntion  md  the  intes- 
tine. 

During  the  above  described  processes  the  test  remains  quite 
intact,  and  is  not  perforated  at  the  oral  or  the  atrial  openings. 

The  ntrogrt^ve  mdamorphana  of  the  larva. 
The  development  of  the  adult  &oni  the  larva  is,  as  has  already 
been  stated,  in  the  main  a  retrogreaaive  metamorphoaia.  The  atages  in 
this  metamorphoaia  are  diagrammatically  shewn  In  figa.  10  and  11.  It 
commences  with  the  attachment  of  the  larva  (fig.  10  A)  which  takes 
place  b;  one  of  the  three  papilke.  Simultaneously  with  the  attach* 
ment  the  larval  tail  under- 
goes a  complete  atrophy  (fig. 
10  B),  so  that  nothing  la  left 
of  it  but  a  mass  of  fatty 
cells  situated  close  to  the 
point  of  the  previous  inser- 
tion of  the  tail  in  the  trunk. 
The  nervous  system  also 
undergoes  a  very  rapid  re- 
trogressive metamorphoaia; 
and  the  only  part  of  it  which 
persists  would  seem  to  be 
the  dilated  portion  of  the 
spinal  cord  in  the  trunk 
(Kupffer,  No.  28). 

The  three  papilln,  in- 
cluding that  serving  for  at- 
tachment, early  disappear, 
and  the  larva  becomes  fixed 
by  a  growth  of  the  teat  to 
foreign  objects. 

An  opening  appears  In  the  test  some  time  after  the  larva  is  fixed, 
leading  into  the  mouth,  which  then  becomes  functional  The  bran- 
chial sack  at  the  same  time  undergoes  important  changea.  In  tbe 
larva  it  is  provided  with  only  two  ciliated  slits,  which  open  into 
tbe,  at  this  st^e,  paired  atrial  cavity  (fig.  10). 

The  openings  of  the  atrial  cavity  at  first  are  shut  off  from 
communicatioo  with. the  exterior  by  the  test,  but  not  long  after  the 
larva  becomes  fixed,  two  perforations  are  formed  in  the  test,  which  lead 
into  tbe  openings  of  the  two  atrial  cavities.  At  the  aame  time  the 
atrial  cavities  dilate  so  as  gradually  to  embrace  the  whole  branchial 
sack  to  which  their  inner  walls  attach  themselves.  Shortly  after 
this  the  branchial  clefts  rapidly  increase  in  number'. 

'  The  kecoant  of  the  mnltiplioBUon  ot  the  branehikl  olefti  ii 
paper  en  PhoUiuU  mammillatft  (No,  14),  but  then  is  eveiyreftaoi 
true  in  the  mkin  for  simple  Ascidikaa. 


DuoKut   BBiwnra   the   mom    i 
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The  increase  of  the  branchial  clefte  is  somewhat  complicated.  Betweeb 
the  two  primitive  clefts  two  new  ones  appear,  and  then  a  third  appears 
behind  the  last  cleft.  In  the  interval 
between  each  bnmchial  cleft  is  placed 
a  vascular  bnuuhiul  vessel  (fig,  8  vi. 
bb.).  Soon  a  great  nuiulier  of  clefts 
become  added  in  a  row  on  each  side 
of  the  branchial  sacb.  These  clefts  are 
small  ciliated  openings  placed  trans- 
versely with  reference  to  the  long  axis 
of  the  branchial  sack,  but  only  oc- 
cupying a  small  part  of  the  breadth 
of  each  side,  lite  intervals  dorsal 
and  ventral  to  them  ai-e  soon  filled  by 
series  of  fresh  rows  of  slits,  separated 
from  each  other  by  longitudinal  bars. 
Each  side  of  the  brauchial  sack  be- 
comes in  this  way  perforated  by  a 
number  of  small  openings  arranged  in 

rows,  and  separated  by  transveree  and  p,o.  n.    Diaqram  or  *  vmbv  Toiraa 

longitudinal  bars,     llie  whole  struc-     Abcidum.    (From  Lankeitei.) 
ture  forms  the  commencement  of  the 

branchial  basketwork  of  the  adult;  the  arrangement  of  which  differs  con- 
siderably in  Btractare  and  oiigin  from  the  simple  system  of  branchial  clefts 
of  normal  vertebrate  types.  At  the  junction  of  the  transverse  and  longitu- 
dinal bars  papillte  are  formed  projecting  into  the  lumen  of  the  branchial 
sack. 

After  the  above  changes  are  iar  advanced  towards  completion, 
the  opeoings  .of  the  two  atrial  sacks  gradually  approximate  in  the 
dois^  line,  and  finally  coalesce  to  form  the  Bingle  atrial  opening 
of  the  adult.  The  two  atrial  cavities  at  the  same  time  coalesce 
dorsally  to  form  a  single  cavity,  which  is  continuous  round  the 
branchial  sack,  except  sdong  the  ventral  line  where  the  endostyle  is 
present.  The  atrial  cavity,  from  its  mode  of  origin  aa  a  pair  of  epi- 
hlastic  involutions',  is  clearly  a  structure  of  the  same  nature  aa  the 
branchial  or  atrial  cavity  of  Amphiozus ;  and  has  nothing  whatever 
to  do  with  the  true  body  cavity. 

It  has  already  been  stated  that  the  anus  opens  into  the  original 
left  atrial  cavity ;  when  the  two  cavities  coalesce  the  anus  opens  into 
tiie  atrial  cavity  in  the  median  dorsal  line. 

Two  of  the  most  obscure  points  in  the  development  are  the  origin 
of  the  mesoblast  in  the  trunk,  and  of  the  body  cavity.  Of  the  fortner 
subject  we  know  next  to  nothing,  though  it  seems  that  the  cells 

'  In  the  aoeziullf  prodnced  bnda  of  AsdilianB  the  atrial  oavitj'  appeare,  with  the  ex- 
ception of  the  extenut  opening,  to  be  formed  from  the  primitiTe  branchial  sack.  In 
the  bnda  of  I^rosoma  boirevet  it  aiiBeg  independently.     These  pecnliaritiea  in  the  buds 


eaunot  weigh  againrt  the  Bmbryonia  evidence  that  the  atrial  oaTity  arises  from  ii 
volDtions  ol  the  epiblaet,  and  the;  may  perhaps  be  partially  explained  by  the  fact  that 
in  the  formation  of  the  visceral  olefts  ontgrowths  of  the  branchial  sack  meet  the  atrial 
involutions. 
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resulting  from  the  atrophy  of  the  tail  are  employed  in  the  nutrition 
of  the  meBoblaatic  structurea  of  the  trunk. 

The  body  cavity  in  the  adult  is  well  developed  in  the  region  of 
the  intestine,  where  it  forma  a  wide  cavity  lined  by  an  epithelioid 
mesoblaetic  layer.  In  the  region  of  the  branchial  sack  it  is  reduced 
to  the  vascular  channels  in  the  walls  of  the  sack. 

Kowalevsky  believes  the  body  cavity  to  be  the  original  segmenta- 
tion cavity,  bat  this  view  can  hardly  be  regarded  as  admissible 
in  the  present  state  of  our  knowledge.  In  some  other  Ascidian 
types  a  few  more  facts  about  the  mesoblaat  will  be  alluded  to. 

With  the  above  changes  the  retrogressive  metamorphosis  is  com- 
pleted ;  and  it  only  remains  to  notice  the  change  in  position  under- 
gone in  the  attainment  of  the  adult  state.  The  region  by  which  the 
larva  is  attached  grows  into  a  long  process  (fig.  10  B),  and  at  the  same 
time  the  part  carrying  the  mouth  is  bent  upwards  so  as  to  be  re- 
moved nearly  as  far  as  possible  from  the  point  of  attachment.  By  this 
means  the  condition  in  the  adult  {fig.  1 1)  is  gradually  brought  about ; 
the  original  dorsf^l  surface  with  the  oral  and  atrial  openings  becoming 
the  termination  of  the  long  axis  of  the  body,  and  the  nervous  system 
being  placed  between  the  two  openings. 

The  genus  Molgula  iireeente  a  remarkable  exception  amongst  the  simple 
Ascidians  in  that,  in  some  if  not  bU  the  species  belonging  to  it,  develop- 
ment takes  jilace  (Lacaze  Diithiers  29  and  33,  Kupfier  38)  quite  directly 
and  without  larval  metamoiphosis. 

The  ova  are  laid  either  singly  or  adhering  together,  and  are  very 
opaque.  The  segmentation  (Lacuze  Dutbiers)  commences  by  the  formation 
of  four  equal  spheres,  after  which  a  number  of  small  clear  spheres  are 
formed  which  envelope  the  large  spheres.  The  latter  give  rise  to  a 
closed  enteric  sack,  and  probably  also  to  a  mass  of  cells  situated  on  the 
ventral  side,  which  appear  to  be  meeoblastic.  The  epihlast  is  constituted 
of  a  single  layer  of  cells  which  comjiletely  envelopes  the  enteric  sack  and 
the  mesoblast. 

While  the  ovum  is  still  within  the  chorion  five  peculiar  proceasea  of 
epihlast  grow  out;  four  of  which  usually  lie  in  the  same  sectional  plane 
of  the  embryo.  They  are  contractile  and  contain  prolongations  of  the  body 
cavity.    Their  relative  size  is  very  variable. 

The  nervous  system  is  formed  on  the  doreal  side  of  the  embryo  before  the 
above  projections  make  their  appearance,  but,  though  it  seems  probable  that 
it  originates  in  the  same  manner  as  in  the  more  normal  forms,  its  develop- 
ment has  not  been  worked  out.  As  soon  as  it  is  foi'med  it  consists  of  a 
nevous  ganglion  similar  to  that  usually  found  in  the  adult  The  history 
of  the  mnns  of  mesoblast  cells  has  been  inadequately  followed,  but  it  con- 
tinuously disappears  as  the  heart,  excretory  organs,  muBclea,  etc.  become 
formed.  So  fur  a«  can  be  determined  from  Kupfler'a  descriptions  the 
body  cavity  is  primitively  parenchyuiatous^an  indication  of  an  ohbrevl- 
ated  develop ment^and  does  not  arise  as  a  definite  split  in  the  mesoblast. 

The  primitive  enteric  cavity  becomes  converted  into  the  branchial  sack, 
and  from  its  dorsal  and  posterior  comer  the  oesophagus,  stomaob  and 
intestine  grow  out  as  in  the  norroal  forms.     The  mouth  is  formed  by  the 
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invaginatioa  of  a  i)isc-lihe  thickening  of  the  epidermis  in  front  of  the 
nerrons  Bjatem  on  the  dorsal  side  of  the  body;  and  the  atrial  cavity  ariees 
behind  the  nervous  eyatem  by  a  similar  process  at  a  slightly  later  period. 
The  gill  clefts  opening  into  the  atrial  cavity  are  formed  as  in  the  type  of 
simple  Ascidians  described  by  Krohn. 

The  embryo  becomes  hatched  not  long  after  the  formation  of  the  oral 
and  atrial  openings,  and  the  five  epiblastic  processes  undergo  atrophy. 
They  are  not  employed  in  the  attachment  of  the  adult 

The  larva  when  hatched  agrees  in  most  important  points  with  the  adult ; 
and  is  without  the  characteristic  provisional  larval  organs  of  ordinary 
forms;  neither  organs  of  special  Bcnae  nor  a  tail  becoming  developed.  It  has 
been  suggested  by  Kupffer  that  tiie  ventrally  situated  niesoblastic  mass  is 
the  same  structure  as  the  mass  of  elements  which  results  in  ordinary  types 
from  the  degeneration  of  tLe  tail.  If  this  sn{^;e8tion  is  true  it  is  difficult 
to  believe  that  this  mass  has  any  other  than  a  nutritive  function. 

The  larva  of  Ascidia  ampulloides  described  by  F.  van  Beneden  is 
regarded  by-Kupffer  as  intermediate  between  the  Molgula  larva  and  the 
normal  type,  in  that  the  larval  tail  and  notochord  and  a  pigment  spot  are 
first  devdoped,  while  after  the  atrophy  of  these  organs  peculiar  processes 
like  those  of  Molgula  make  their  appearance. 

Sedentari&.  The  development  of  the  fixed  composite  Ajscidians  is,  so 
far  as  we  know,  in  the  main  similar  to  that  of  the  simple  AscidiauB. 
The  larvee  of  Botryllus  sometimes  attain,  while  still  in  the  free  state,  a 
higher  stage  of  development  with  reference  to  the  number  of  gill  slits,  etc 
than  that  reached  by  the  simple  Ascidians,  and  in  some  instances  (Botryllus 
auiatus  MeUekuikoff)  eight  conical  processes  are  found  springing  in  a  ring' 
like  fashion  around  the  trunk.  The  presence  of  these  processes  has  led 
to  somewhat  remarkable  views  about  the  morphology  of  the  group;  in  that 
they  were  regarded  by  Kiilliker,  Sars,  etc  as  separate  individuals,  and  it 
was  supposed  that  the  product  of  each  ovum  was  not  a  single  individual, 
but  a  whole  system  of  individuals  with  a  common  cloaca. 

The  researches  of  Metschnikoff  (No.  32),  Krohn  (Na  25),  and  Oiard 
(No.  12),  etc.  demonstrate  that  this  paradoxical  view  is  untenable,  and 
that  each  ovum  only  gives  rise  to  a  single  embryo,  while  the  steUate  systems 
are  snbsequetitly  formed  by  budding. 

Natantia.  Our  knowledge  of  the  development  of  Pyrosoma  ie 
mEUDly  due  to  Huxley  (No.  16)  and  Kowalevaky  (No.  22).  In 
each  individual  of  a  colony  of  Pyroaoma  only  a  single  egg  conies  to 
maturity  at  one  time.  Ihis  egg  is  contained  in  a  capsule  formed  of 
a  structureless  -wall  lined  by  a  ^tttened  epithelioid  layer.  From  this 
capsule  a  duct  passes  to  the  atrial  cavity,  which,  though  called -the 
oviduct,  functions  as  an  afferent  duct  for  tne  spermatozoa. 

The  segmentation  is  merohlastic,  and  the  germinal  disc  adjoins 
the  opening  of  the  oviduct.  The  Begmentation  is  very  similar  to  that 
which  occurs  in  Teleostei,  and  at  its  close  the  germinal  disc  has  the 
form  of  a  cap  of  cells,  without  a  trace  of  stratification  or  of  a  seg- 
mentation cavity,  resting  upon  the  surface  of  the  yolk,  vshich  forms 
the  main  mass  of  the  ovum. 

After  segmentation  the  blastoderm,  as  we  may  call  the  layer  ol 
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cells  derived  from  the  germinal  disc,  rapidly  spreads  over  the  sur- 
face of  the  yolk,  and  becomes  divided  into  two  layers,  the  epiblast 
and  the  hypoblast.  At  the  same  time  it  exhibits  a  distinction  into  a 
ceotral  clearer  and  a  peripheral  more  opaque  region.  At  one  end 
of  the  blastoderm,  which  for  convenience  sake  may  be  spoken  of  as 
the  posterior  end,  a  disc  of  epiblast  appears,  which  is  the  first 
rudiment  of  the  nervous  system,  and  on  each  side  of  the  middle  of 
the  blastoderm  there  arises  an  epiblastic  involution.  The  epiblastic 
involutions  give  rise  to  the  atrial  cavity. 

These  involutions  rapidly  grow  in  length,  and  soon  form  longish 
tubes,  opening  at  the  surface  by  pores  situated  not  far  from  the  poste- 
rior end  of  the  blastoderm. 

The  blastoderm  at  this  stage,  as  seen  on  the  surface  of  the  yolk,  is 
shewn  in  fig.  12  A.  It  is  somewhat  broader  than  long.  The  nervous 
system  is  shewn  at  n,  and 
at  points  to  an  atrial 
tube.  A  transverse  sec- 
tion, through  about  the 
middle  of  this  blastoderm, 
is  represented  in  fig.  12  B. 
The  epiblast  is  seen  above. 
On  each  side  is  the  sec- 
tion of  an  atrial  tube  {at). 
IJelow  is  the  hypoblast 
which  is  separated  from 
the  yolk  especially  in  the 
middle  line ;  at  each  side 
it  is  beginning  to  grow  in 
below,  on  the  surface  of 
the  yolk.  The  space  below 
the  hypoblast  is  the  ali- 
mentaiT  cavity,  the  ven- 
tral wall  of  which  is  form- 
Pthoboiu  ed  by  the  cells  growing 
^Uke  U^  *°  at  ^^  8»^*«-  Between 
the  epiblast  and  hypoblast 
IB  HiDDLE  are  placed  scattered  meso- 
blast  cells,  the  origin  of 
which  has  not  been  clearly 
made  out 

In  a  later  stage  the  openings  of  the  two  atrial  tubes  gradually 
travel  backwards,  and  at  the  same  time  approximate,  till  finally  they 
meet  and  coalesce  at  the  posterior  end  of  the  blastoderm  behind  the 
nervous  disc  (tig.  13,  cl).  The  tubes  themselves  at  the  same  time 
become  slightly  constricted  not  iar  from  their  binder  extremities,  and 
so  divided  into  a  posterior  region  nearly  cotermii"'"^  ^^  ^^'^  nervous 
system  (fig.  13),  and  an  anterior  region.  Thncta  tw  regions  have  very 
different  histories  in  the  subsequent  develo*.       nt- 
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The  nervous  disc  baa  <iunng  these  chaoges  become  marked  by  a 
median  furmw  (6g.  13,  ng),  which   is  soon  converted  into  a  canal 
by  the   same    process    as  in   the   simple   Ascidians.     The    closure 
of  the  groove  comroeDces  posteriorly 
and  travels  forwards.     These   pro-  "' 

ceases  are  clearly  of  the  same  nature 
as  those  which  take  place  in  Chor- 
data  generally  in  the  formation  of 
the  central  nervous  system. 

In  the  region  of  the  germinal 
disc  which  contains  the  anterior  part 
of  the  atrial  tubes,  the  alimentary 
cavity  becomes,  by  the  growth  of  the 
layer  of  cells  described  in  the  last 
st^e,  a  complete  canal,  on  the  outer 
wall  of  which  the  endostvie  is  formed 
as  a  median  fold.  The  whole  anterior 
part  of  the  blastoderm  becomes  at 

the  same  time  gradually  constricted         Fio,  13.    Blabtombh  or  Pthoboma 
off  from  the  yolk.  bbobily  betobb  itb  division  into  Cy. 

The  fate  of  the  anterior  and  ^^^gtjf"  *«""'^'«"»'-  (*"*' 
posterior  parte  of  the   blastoderm  is  ^,,  ^^^^  (^jrial)  opening;  m.  en- 

very  dmerent.  The  anterior  part  dostjle;  at.  attial  cavity;  nj,  nerronH 
becomes  segmented  into  four  zooids  B«*ove- 
or  individuals,  called  by  Husley 
Ascidiozooids,  which  give  rise  to  a 
fresh  colony  of  Pyrosoma^  The  posterior  part  forms  a  rudimentary 
zooid,  called  by  Huxley  Cyathozooid,  which  eventually  atrophies. 
These  five  zooids  are  formed  by  a  process  of  embryonic  fission.  This 
fission  commences  by  the  appearance  of  four  transverse  constrictions 
in  the  anterior  part  of  the  blastoderm ;  by  which  the  whole  blastoderm 
becomes  imperfectly  divided  into  five  regions,  fig.  14  A. 

The  bindermost  constriction  (uppermost  in  my  figure)  lies  just 
in  front  of  the  pericardial  cavity;  and  separates  the  Cyathozooid 
from  the  four  Ascidiozooids.  The  three  other  constrictions  mark  off 
the  four  Ascidiozooids.  The  Cyathozooid  remains  for  its  whole 
length  attached  to  the  blastoderm,  which  has  now  nearly  enveloped 
the  yolk.  It  contains  the  whole  of  the  nei-vous  system  {ng),  which 
is  covered  behind  by  the  opening  of  the  atrial  tubes  {cl).  The 
alimentary  tract  in  the  Cyathozooid  forms  a  tube  with  very  delicate 
walls.  The  pericardia!  cavity  is  completely  contained  within  the 
Cyathozooid,  and  the  heart  itself  (AQ  has  become  formed  by  an  invo- 
lution of  the  walls  of  the  cavity. 

The  Ascidiozooids  are  now  completely  separated  from  the  yolk. 
They  have  individually  the  same  structure  as  the  undivided  rudiment 
from  which  they  originated ;  so  that  the  organs  they  possess  are 
simply  two  atrial  tubes,  an  alimentary  tract  with  an  endostyle,  and 
undifferentiated  mesoblast  cells. 
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Id  the  followiag  stages  the  Ascidiozooids  grow  with  great  rapidity. 
They  aoon  cease  to  lie  in  a  straight  Iidc,  and  eventually  form  a  ring 
round  the  Cyathozooid  and  attached  yolk  sack. 

While  these  changes  are  being  accomplished  in  the  external  form 
of  the  colony,  both  the  Cyathozooids  and  the  Ascidiozooids  progress 
considerably  in  development.  In  the  Cyathozooid  the  atrial  spaces 
gradually  atrophy,  with  the  exception  of  the  external  opening,  which 
becomes  larger  and  more  conspicuous.  The  heart  at  the  same  time 
comes  into  full  activity  and  drives  the  blood  through  the  whole  colony. 
The  yolk  becomes  more  and  more  enveloped  by  the  Cyathozooid,  and 
is  rapidly  absorbed ;  while  the  nutriment  aerived  from  it  is  ti'ansported 
to  tne  Ascidiozooids  by  means  of  the  vascular  connection.  The 
nervouB  system  retains  its  previous  condition;  and  round  the  Cya- 
thozooid IS  formed  the  test  into  which  cells  migrate,  and  arrange 
themselves  in  very  conspicuous  hexagonal  areas.  The  delicate  ali- 
mentary  tract  of  the  Cyathozooid  is  still  continuous  with  that  of 
the  first  Ascidiozooid.  After  the  Cyathozooid  has  reached  the 
development  just  described  it  commences  to  atrophy. 

The  changes  in  the  Ascidiozooids  are  even  more  considerable  than 
those  in  the  Cyathozooid.     A   nervous  system  appears  as  a  fresh 


Fla.  14.      Two  STAOEE  IN  THB  DBTEIAPMBNT  Or  PTBOBOHI  tH  WBICH  THE  CtATBOZOOIU 

AHD  rai7B  Abcidiozooidb  IBS  ALHiuiii  DiBTiHCTLT  FOBiiKD.     (After  KowateTsky.) 

cy.  qrttthozooid ;  at.  aseidiozaoid;   ng.  nerrona  groove;    ht.  heart  of  cjathozooid; 
cl.  douad  opening. 

formation  close  to  the  end  of  each  Ascidiozooid  turaetl  towards  the 
Cyathozooid.  It  forms  a  tube  of  which  the  open  front  end  eventually 
develops  into  the  ciliated  pit  of  the  mouth,  and  the  remainder  int« 
the  actual  nervous  ganglion.  Between  the  nervous  system  and  the 
endostyle  an  involution  appears,  which  gives  rise  to  the  mouth.  On 
each  side  of  the  primitive  alimentary  cavity  of  each  Ascidiozooid 
branchial  sht'i  make  their  appearance,  leading  into  the  atrial  tubes; 
so  that  the  primitive  alimentary  tract  becomes  converted  into  the 
branchial  sacks  of  the  Ascidiozooids.  The  remainder  of  the  alimen- 
tary tract  of  each  zooid  is  foiraed  as  a  bud  from  the  hind  end  of  the 
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branchial  sack  in  the  usual  way.  The  alimentary  tracts  of  the  four 
Ascidiozooids  are  at  first  in  free  communication  by  tubes  opening 
from  the  hinder  extremity  of  one  zooid  into  the  dorsal  side  of  the 
branchial  sack  of  the  next  zooid.  At  the  hinder  end  of  each  Aecidio- 
zooid  is  developed  a  mass  of  fatty  ceils  known  as  the  elteoblast, 
which  probably  represents  a  rudiment  of  the  larval  tail  of  simple 
Ascidians.     (Cf.  pp.  25  and  26.) 

The  further  changes  consist  in  the  gradual  atrophy  of  the  Cyatho- 
zooid,  which  becomes  more  and  more  enclosed  within  the  four  Asci- 
diozooids. These  latter  become  completely  enveloped  in  a  common 
teat,  and  form  a  ring  round  the  rerounB  of  the  yolk  and  of  the 
Cyathozooid,  the  heart  of  which  continues  however  to  beat  vigor- 
ously. The  cloacal  opening  of  the  Cyathozooid  persists  through 
all  these  changes,  and,  after  the  Cyathozooid  itself  has  become  com- 
pletely enveloped  in  the  Ascidiozooids  and  finally  absorbed,  deepens 
to  form  the  common  cloacal  cavity  of  the  Fyrosoma  colony. 

The  main  parts  of  the  Ascidiozooids  ware  already  formed  during 
the  last  stage.  The  zooids  long  remain  connected  together,  and 
united  by  a  vascular  tube  with  the  Cyathozooid,  and  these  connec- 
tions are  not  severed  till  the  latter  completely  atrophies.  Finally, 
after  the  absorption  of  the  Cyathozooid,  the  Aacidiozooids  form  a 
rudimentary  colony  of  four  individuals  enveloped  in  a  common  test. 
The  two  atrial  tubes  of  each  zooid  remain  separate  in  front  but  unite 
posteriorly.  An  anus  is  formed  leading  from  the  rectum  into  the 
common  posterior  part  of  the  atrial  cavity;  and  an  opening  is  estab- 
lished between  the  posterior  end  of  the  atjial  cavity  of  each  Afcidio- 
zooid  and  the  common  axial  cloacal  cavity  of  the  whole  colony.  The 
atrial  cavities  in  Fyrosoma  are  clearly  lined  by  epiblast,  just  as  in 
sim^e  Ascidians. 

When  the  young  colony  is  ready  to  become  free,  it  escapes  from 
the  atrial  cavity  of  uie  parent,  and  increases  in  size  by  budding. 

Ddliolids.  The  sexnally  developed  embryos  of  Doliolum  have  been 
observed  by  Krohn  (No.  23),  Oegenbanr  (No.  10),  and  Keferstein  and 
Khlers  (No.  17);  bnt  the  details  of  the  development  have  been  very  im- 
perfectly investi  gated. 

The  youngest  embryo  observed  was  enveloped  in  a  large  oval  traneparelit 
covering,  the  exact  nature  of  which  is  not  clear.  It  is  perhaps  a  larval 
rudiment  of  the  test  which  would  seem  to  be  absent  in  the  adult.  Within 
this  covering  is  the  larva,  the  main  organs  of  which  are  already  developed; 
and  which  primarily  differs  frr)m  the  adult  in  the  possession  of  a  larval  tail 
similar  to  that  of  simple  Ascidians. 

In  the  body  both  oral  and  atrial  openings  are  present,  the  latter  on  the 
dorsal  surface  ;  and  the  alimentary  tract  is  fullj  established.  The  endostyte 
is  already  formed  on  the  ventral  wall  of  the  branchial  sack,  but  the 
branchial  slits  are  not  present.  Nine  muscular  rings  are  already  visible. 
The  tail,  tbougli  not  ao  developed  as  in  the  simple  Ascidians,  contains  an 
axial  notochord  of  the  usual  structure,  and  lateral  musclea.  It  is  inserted 
on  the  ventral  sido,  and  by  its  slow  movements  the  larva  prepresses. 


3y  Google 


24  SAIPA. 

lu  succeeding  atagea  the  tail  gradutJty  atraphieB,  and  the  gill  idits,  four 
in  number,  develop ;  at  the  same  time  a  process  or  stolon,  destined  to 
give  rise  by  budding  to  a  second  non-sexual  generation,  makes  its  appear- 
ance on  the  dorsal  side  in  the  seventh  inter-muscular  space.  This  stulon  is 
comparable  with  that  which  appears  in  the  embryo  of  Salpa  When  the 
tail  completely  atrophies  the  larva  leaves  its  transparent  covering,  and 
becomes  an  asexual  Doliolum  with  a  dorsal  stolon. 

Salpida.  Ad  is  well  known  the  chains  of  Salpa  alone  are  sexual,  and 
from  each  individual  of  the  chain  only  a  single  embryo  is  produced.  The 
ovum  from  which  this  embryo  takes  its  origin  is  visible  long  before  the 
separate  Salps  of  the  chain  have  become  completely  developed.  It  is  en- 
veloped in  a  ca[i8ute  continuous  with  a  duct,  which  opens  into  the  atrial 
cavity,  and  ia  usually  spoken  of  aa  the  oviduct  The  capsule  with  the 
uvnm  is  enveloped  in  a  maternal  blood  ainus.  Embryonic  development 
eommences  after  the  chain  has  become  broken  up,  and  the  spermatozoa 
derived  from  another  individual  would  seem  to  be  introduced  to  the  ovum 
through  the  oviduct. 

At  the  commencement  of  embryonic  development  the  oviduct  and  ovi- 
capBute  undergo  peculiar  changes;  and  in  part  at  least  give  rise  to  a 
structure  subservient  to  the  nutrition  of  the  embryo,  known  as  the  placenta. 
These  changes  commence  with  the  shortening  of  the  oviduct,  and  the  dia- 
appeanince  of  a  distinction  between  oviduct  and  ovicapaule.  The  cella 
lining  the  innermost  end  of  the  cspeule,  i.e.  that  at  the  side  of  the  ovum 
turned  away  from  the  atrial  cavity,  become  at  the  same  time  very  columnar. 
The  part  of  the  oviduct  between  the  ovum  and  the  atrial  cavity  dilat«« 
into  a  sack,  communicating  on  the  one  hand  with  the  atrial  cavity,  and 
on  the  other  by  a  very  naiTow  opening  with  the  chamber  in  which  the  egg 
ia  contained.  This  sack  next  becomes  a  prominence  in  the  atriaJ  cavity, 
and  eventually  coustitutea  a  brood-poucL  The  prominence  it  forma  ia 
covei-ed  by  the  lining  of  the  atrial  cavity,  immediately  within  which  is  the 
true  wall  of  the  sack.  The  external  opening  of  the  sack  becomes  gradually 
narrowed  and  finally  disappears.  In  the  meantime  the  chamber  in  which 
the  embryo  ia  at  firat  placed  acquires  a  lai^er  and  larger  opening  into  the 
sack ;  till  finally  the  two  chambers  unite,  and  a  single  brood-pouch  coutaia- 
ing  the  embryo  is  thus  produced.  The  inner  wall  of  the  chamber  is 
farmed  by  the  columnar  cells  already  spoken  of.  They  form  the  rudiment 
of  the  ])lacenta.  The  double  wall  of  the  outei'  part  of  the  brood-pouch 
becomes  stretched  by  the  growth  of  the  embryo ;  the  inner  of  its  two  layers 
then  atniphies.  The  outer  layer  subsequently  gives  way,  and  becomes  rolled 
back  so  as  to  lie  at  the  inner  end  of  the  embryo,  leaving  the  latter  projecting 
freely  into  the  atrial  cavity. 

While  these  changea  are  taking  place  the  placenta  becomes  fully 
developed.  The  first  rudiment  of  it  consists,  according  to  Salenskv,  of  the 
thickened  cells  of  the  ovicapaule  only,  though  this  view  is  dissented  from 
by  Broiiks,  Todaro,  etc.  Ita  cells  soon  divide  to  form  a  largish  masa, 
which  becomes  attached  to  a  part  pf  the  epiblaat  of  the  embrya 

On  the  formation  of  the  body  cavity  of  the  embryo  a  central 
axial  portion  of  the  placenta  becomes  separated  from  a  peripheral  layer; 
and  a  channel  ia  left  between  them  which  leada  from  a  maternal  blood 
sinus  into  the  embryonic  body  cavity.  The  peripheral  layer  of  the  placenta 
is  formed  of  cells  continuous  with  the  epiblaat  of  the  embryo;  while  the 
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axial  portion  ia  constituted  of  a  disc  of  cells  adjoining  the  embryo,  with  a 
colnmn  of  fibres  attached  to  the  maternal  aide.  The  fibres  of  tbis  column 
are  believed  by  S&lensky  to  be  products  of  the  original  rudiment  of  the 
piaoHita,  The  plauenta  now  assumes  a  more  spherical  form,  and  ita  cavity 
becomes  shut  off  from  the  embryonic  body  cavity,  'i'he  fibrous  colnmn 
breaks  up  into  a  number  of  stmnds  perforatiog  the  lumeu  of  the  'organ, 
and  the  cells  of  tbe  wall  become  stalked  bodies  projecting  into  the  lumen. 

When  the  lurva  is  nearly  ready  to  become  free  the  placenta  atrophias. 

The  placenta  functions  in  the  nutrition  of  the  embryo  in  the  foUowing 
way.  It  projects  from  its  first  formation  into  a  maternal  blood  sinus,  and, 
on  the  appearance  of  a  cavity  in  it  continuous  with  the  body  cavity  of 
the  embryo,  the  biood  of  the  mother  fully  intermingles  with  that  of  die 
embrya  At  a  later  period  the  communication  with  the  body  cavity  of 
t)ie  embryo  is  shut  off,  but  the  cavity  of  the  placenta  is  supplied  with  a 
continuous  stream  of  maternal  blood,  which  is  only  separated  from  the  festal 
blood  by  a  thin  partition. 

It  is  now  necesi'ary  to  turn  to  the  embryonic  development  about  which 
it  is  nnfortiinately  not  as  yet  possible  to  give  a  completely  satisfactory 
account.  The  statements  of  the  different  investigators  contradict  each 
other  on  most  fundamental  points.  I  have  followed  in  the  main  Salensky 
(Ka  34),  but  have  also  called  att«ntion  to  some  points  where  his  obser- 
vations diverge  most  from  those  of  other  writeis,  or  where  they  seem 
unsHtisfacb'ry. 

The  development  commences  at  about  the  period  when  the  brood-pouch 
is  becoming  formed ;  and  the  ovum  passes  entirely  inio  the  brood-pouch 
before  the  segmentation  is  complet«d.  The  segmentation  is  regular,  and 
the  existence  of  a  segmentation  cavity  is  denied  by  Salensky,  though 
affirmed  by  Kow&Ievsky  and  Todaro'. 

At  a  certain  stage  in  the  segmentation  the  cells  of  the  ovum  become 
divided  into  two  lajera,  an  epiblast  investing  the  whole  of  the  ovum  with 
the  exception  of  a  Kmall  area  adjoining  the  placenta,  where  the  inner  layer 
or  hyjxiblast,  which  forms  the  main  mass  of  the  ovum,  projects  at  the 
surface.  The  epihlast  soon  covers  the  whole  of  the  hypoblast,  so  that  there 
would  seem  (according  to  Salensky's  observations)  to  be  a  kind  of  epibolic 
invagination;  a  conclusion  supported  by  TuJaro's  figures. 

At  a  later  stage,  on  one  side  of  the  free  apex  of  the  embryo,  a  meso- 
blastic  layer  makes  its  appearance  betueen  ^e  epiblast  and  hypoblast. 
This  layer  is  derived  by  Salensky,  as  it  appears  to  me  on  insufficient 
grounds,  from  the  epiblast.  Nearly  at  the  same  time  there  arises  not  far 
from  the  same  point  of  the  embryo,  bat  on  the  opposit«  side,  a  solid 
thickening  of  epiblast  which  forms  the  rudiment  of  the  nervous  system. 
I'he  nervous  syrtem  is  placed  close  to  the  front  end  of  the  body;  and  nearly 
at  the  opposite  p<ile,  and  therefore  at  the  hind  end,  there  appears  immedi- 
ately below  the  epiblast  a  mass  of  cell»  forming  a  provisional  organ  known 
aa  the  elieoblast.  Todaro  regaiUs  this  <irgan  as  mesoblaatic  in  origin,  and 
Salensky  as  hypoblastic.  The  oi^an  is  situated  in  the  position  which 
would  be  occupied  by  the  larval  tail  were  it  developed.  It  may  probably 
be  regarded  (Salensky)  as  a  disappearing  rudiment  of  the  tail,  and  l« 
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compared  in  this  reepect  with  the  more  or  less  similar  maaa  of  cells 
described  b;  Kupffer  io  Molgula,  and  with  the  eheobloBt  in  Fyrosoma. 

After  the  difTerentiation  of  these  organs  a  cavity  makes  its  appearance 
between  the  epiblast  and  hypoblast,  which  is  r^arded  hj  Salensky  aa  the 
body  cavity.  It  appears  to  be  equivalent  to  the  segmentation  cavity  of 
Todaro.  According  to  Todaro's  statements,  it  is  replaced  by  a  Becond  cavity, 
which  appears  between  the  splanchnic  and  somatic  layers  of  mesoblast,  and 
constitutes  the  true  body  cavity.  The  embryo  now  begins  to  elongate, 
and  at  the  same  time  a  cavity  makes  its  appearance  in  the  centre  of  the 
hypoblast  cells.  This  cavity  is  the  rudiment  of  the  branchial  and  alimentary 
cavities:  on  its  dorsal  wall  is  a  median  projection,  the  rudiment  of  the  so- 
called  gill  of  Salpa. 

At  two  pointe  this  cavity  comes  into  close  contact  with  the  external  skin. 
At  one  of  these,  situated  immediately  ventral  to  the  nervous  system,  the 
mouth  becomee  formed  at  a  later  period.  At  the  other,  plaoed  on  the 
dorsal  surface  between  the  nervous  system  and  the  eUeoblast,  is  formed 
the  cloacal  aperture. 

By  the  stage  under  consideration  the  more  important  systems  of  organs 
are  ^tablished,  and  the  remaining  embryonic  history  may  be  very  briefly 
narrated. 

The  embryo  at  this  stage  is  no  longer  covered  by  the  walls  of  the 
brood-pouch  but  projects  treeiy  into  the  atrial  cavity,  and  is  only  attached 
to  ite  parent  by  means  of  the  placenta.  The  epiblast  cells  soon  give  rise 
to  a  deposit  which  forms  the  mantle.  The  deposit  appears  however  to  be 
formed  not  only  on  the  outer  side  of  the  epiblast  but  also  on  the  inner  side ; 
so  tliat  the  epiblast  becomes  cemented  to  the  subjacent  parts,  branchial 
sack,  eto.,  by  on  intercellular  layer,  which  would  seem  to  fill  up  the  primi- 
tive body  cavity  with  the  exception  of  the  vascular  channels  (^ensky). 

The  nervous  system,  after  ite  separation  from  the  epiblast,  acquires  a 
central  cavity,  and  subsequently  becomes  divided  into  three  lobes,  each  with 
an  internal  protuberance.  At  its  sntorior  extremity  it  opens  into  the 
branchial  sack  ;  and  from  this  part  is  developed  the  ciliated  pit  of  the 
adult.  The  nervous  ganglion  at  a  later  period  becomee  solid,  and  a  median 
eye  is  subsequently  formed  as  an  outgrowth  from  it. 

Accoi'ding  to  Todaro  there  are  further  formed  two  small  auditory 
(1  olfactory)  sacks  on  the  ventral  surface  of  the  brain,  each  of  them  placed 
in  communication  with  the  branchial  cavity  by  a  narrow  canal. 

The  mesoblast  gives  rise  to  the  muaclen  of  the  branchial  sack,  to  the 
heart,  and  to  the  pericardium.  The  two  latter  are  situated  on  the  ventral 
side  of  the  posterior  extremity  of  the  branchial  cavity. 

Branchial  sack  and  alimeTUary  tract.  The  fii^t  development  of  the 
enteric  cavity  has  already  been  described.  The  true  alimentary  tract  is 
formed  aa  a  bud  from  the  hinder  end  of  the  primitive  cavity.  The  remain- 
der of  the  primitive  cavity  gives  rise  to  the  branchial  sack.  The  so-called 
gill  has  at  first  the  form  of  a  lamella  attached  dorsalty  to  the  walls  of  the 
branchial  sack;  but  ite  attachment  becomes  severed  except  at  the  two  ends, 
and  it  then  forms  a  band  stretohing  obliquely  across  the  branchial  cavity, 
which  subsequently  becomes  hollow  and  filled  with  blood  corpuscles.  The 
whole  structure  is  proI}ably  homologous  with  the  peculiar  fold,  usually  pro- 
longed into  numerous  processes,  which  normally  projects  from  the  doraal 
wall  of  the  Ascidian  branchial  sack. 
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On  the  com[Jetion  of  the  gill  the  branchial  sack  becomes  divided  into  e. 
region  dorsal  to  the  gill,  and  a  region  veDtral  to  it.  Into  the  former  the 
single  atrial  invagination  opens.  No  gill  slits  are  formed  comparable  with 
those  in  simple  Ascidians,  and  tiie  onl;  representative  of  these  atructurea 
is  the  Bimple  commumcatioa  which  becomes  established  between  the  dorsal 
division  of  the  branchial  sack  and  the  atrial  opening.  The  whole  branchial 
Back  of  Salpa,  including  both  the  dorsal  and  veuti-al  divisions,  correapouds 
with  the  branchial  sack  of  simple  Ascidiana,  On  its  ventral  aide  the 
endoatyle  ia  formed  in  the  norma!  waj.  The  mouth  arisea  at  the  point 
already  indicated  near  the  front  end  of  the  nervona  aystem'. 

>  Brooks  laket  a  rery  different  view  of  the  luitara  of  the  parts  in  Salpa.    He  sa;a, 
No,  7,  p.  322,  "  The  aCiinm  of  Balpa,  when  first  observed,  waa  oomposed  of  two  broail 
"  lat^^  atria  witMn  the  body  oaTit;,  one  on  each  aide  of  the  bcanchml  aaek,  and  a  very 
small  mid-atiium.... The  lateral  atria  do  not  however,  as  in  moat  Tunicata,  romain 
oonaected  with  the  mid-atrinm,  and  anite  with  the  wall  of  the  branohial  sack  to 
form  tbe  branchial  alits,  bat  aoon  become  entirely  separated,  and  the  two  walls  ol 
eaob  unite  so  as  to  form  a  broad  sheet  of  tiaane,  which  soon  splits  up  to  form  the 
mOBcalar  bands  of  the  branchial  sack."    Again,  p.  S3-(,  "Daring  the  changes  which 
have  been  described  as  taking  place  in  the  lateral  atiia,  the  mid-atrium  has  increased 
in  size..,.     The  branchial  and  atrial  tunics  now  unite  upon  aa«b  side,  ao  that  the 
sinus  is  OMiterted  into  a  tnbe  which  communioates,  at  its  posterior  end,  with  the 
heart  and  peiiTiaceral  sinas,  and  at  the  anterior  end  with  the  neural  sinus.     This 
tube  ia  the  gill. ...The  centres  of  the  two  regions  upon  the  sides  of  the  gi] I,  where 
Uieae  two  tisBnea  have  become  united,  are  now  absorbGd,  so  that  a  siugle  long  and 
nanrow  branehial  slit  is  produced  on  each  dde  of  the  gill.     The  IwancUal  cavity  is 
thus  thrown  into  oommunioation  with  the  atrium,  and  the  upper  autfaoe  of  the  lat- 
ter now  unites  with  the  outer  tunic,  and  the  eiternal  atrial  opening  ia  formed  by 
absorption. " 
The  above  desoription  would  imply  that  the  atrial  cavity  ia  a  space  lined  by  meso- 
blast,  a  view  which  would  upset  the  whole  morphology  of  the  Ascidians.    Salensky's 
aocount,  which  implies  only  an  immense  reduction  in  the  size  of  the  atrial  cavity  as 
compared  with  other  t)'peB,  appears  to  me  ba  more  probable.     The  lateral  atria  of 
Brooks  appear  to  be  simply  parts  of  the  body  cavily,  and  have  certainly  no  connection 
with  the  lateral  atria  of  simple  Aacidisns  or  PyroBums. 

The  observations  of  Todaro  opon  Salpa  (^0.  38)  are  very  remarkable,  and  illQstrated 
by  beautifully  engraved  plates.  His  interpretations  do  not  however  appear  quite  satis- 
factory.    The  tuUuwing  is  a  brief  statement  of  some  of  his  results. 

Daring  segmenlation  there  ariECs  a  layer  of  small  superficial  cells  (epiblaat)  and 
a  cental  layer  of  larger  cells,  which  becomes  separated  from  the  former  by  a  segmen- 
tation carity,  except  at  the  pole  adjoining  the  free  end  of  the  brood^ponch.  At  this  point 
the  ejiibluit  cells  beoome  invagiaatcd  into  the  central  cells  and  form  the  atimentar}' 
tract,  while  the  primitive  central  eelU  remain  oa  the  mesoblast.  A  fold  arises  from  the 
epiblast  which  Todaro  compares  to  the  vertebrate  amnion,  but  the  origin  of  it  is  un- 
tortnnately  not  satisfactorily  described.  The  folds  of  the  amnion  project  towards  the 
placenta,  and  encloae  a  cavity  which,  as  the  folds  never  completely  meet,  is  peimanently 
open  to  the  maternal  blood  sinus.  This  cavity  oorresponds  with  the  cavity  of  the  true 
amnion  of  higher  Yertebrates.  It  forms  the  cavity  of  the  placenta  already  described. 
Between  the  two  folds  of  the  amnion  is  a  cavity  corresponding  with  the  vertebrate 
false  amnion.  A  etmcture  regarded  by  Todaro  as  the  notochord  is  formed  on  the  neck, 
connecting  the  involution  of  Ufie  alimentary  tract  with  the  exterior.  It  has  only  a  vety 
transitory  existence. 

In  the  later  stages  the  segmentatton  cavity  diaappeari  and  a  true  body  eavity  is 
formed  by  a  spUt  in  the  meaoblast. 

Todaro's  interpretations,  and  in  part  hia  descriptions  also,  both  with  reference  to  the 
notodiord  and  amnion,  appear  to  me  qoite  inadmissible.  About  some  other  parts  of 
bis  desoriptiooa  it  is  not  possible  to  fona  a  satisfactory  judgment.  He  has  recently 
pnbliahed  a  abort  paper  on  this  subject  (No.  jg)  preliminary  to  a  larger  memoir,  which  ia 
very  difficult  to  nnderstand  in  the  abaence  of  plates.  He  finda  however  in  the  placenta 
varioUH  parts  vhic'j  he  regards  as  homologoua  with  the  decidna  vera  and  reflexa  of 
Mammalia. 
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Development  of  the  chain  of  seznal  Salpa.     M7  deecriiitioa  of 

the  embryanic  development  of  S&Ipa  would  not  be  complete  without  some 
reference  to  the  development  of  the  stolon  of  the  Bolitary  generation  of 
Salps  hj  the  Hegmentation  of  which  a  chain  of  sexual  Salps  originatea 

The  aaesual  Salp,  the  embryonic  development  of  which  han  just  been 
described,  may  be  compared  to  the  Cyathozooid  of  FyroBoma,  from  which 
it  mainly  difiera  in  being  fiilly  developed.  While  elall  in  an  embryonic 
condition  it  givee  riae  to  a  proceee  or  eColon,  which  becomes  divided  into  a 
nnmber  of  zooids  by  transverse  oonetrictiona,  in  the  same  manner  tliat  part 
of  the  germ  of  the  ovum  of  Pyrosoma  is  divided  by  transverse  conetricbions 
into  four  Ascidiozooids. 

The  stolon  arises  as  a  projection  on  the  right  side  of  the  body  of  the 
embryo  close  to  the  heart.  It  is  formed  (Salenaky,  Ko.  35)  of  an  outgrowth 
of  the  body  wuil,  into  which  there  grow  the  following  structures ; 

(1)  A  central  hollow  process  from  the  end  of  the  respiratory  sack. 

(2)  A  right  and  left  lateral  prolongation  of  the  pericardial  cavity. 

(3)  A  solid  process  of  cells  on  the  ventral  side  derived  from  the  same 
mass  of  the  cella  ae  the  el^eoblast. 

(4)  A  ventral  and  a  dorsal  blood  sinus. 

Besides  these  parts  there  appears  on  the  dorsal  side  a  hollow  tube,  the 
origin  of  irhich  ia  unknown,  which  gives  rise  to  the  nervons  system. 

The  hollow  process  of  the  respiratory  sack  ia  purely  provisional,  and 
disappears  without  giving  rise  to  any  permanent  structure.  The  right  and 
left  prolongations  of  the  pericardial  cavity  become  solid  and  eventually 
give  origin  to  the  mesoklast.  The  ventral  process  of  cells  ia  the  most 
important  structure  in  the  stolon  in  that  it  gives  rise  both  to  the  alimentary 
and  respiratory  sacks,  and  to  the  generative  organs  of  the  sesual  Salps. 
The  stolon  containing  the  organs  just  entunerated  becomes  divided  by 
transverse  constrictions  into  a  number  of  rings.  These  rings  do  not  long 
remain  complete,  but  become  interrapted  dotsally  and  ventiiUly.  The  imper- 
fect rings  so  formed  soon  overlap,  and  each  of  them  eventually  gives  rise  to  a 
sexual  Salp.  Although  the  stolon  arises  while  the  asexual  Salp  is  still  in 
an  embryonic  condition,  it  does  not  become  fully  developed  till  long  after 
the  asexual  Salp  has  attained  maturity. 

Appendicnlaria.  Ouv  only  knowledge  of  the  development  of  Appen- 
dicularia  is  derived  from  Fol's  memoir  on  the  group  (Na  8).  He  simply 
states  that  it  develops,  as  far  ax  he  was  able  to  follow,  like  otJier  Ascidians; 
and  that  the  extremely  miaute  size  of  the  egg  prevented  him  from  pursuing 
the  subject.  He  also  states  that  the  pair  of  pores  leading  from  the  bran- 
chial cavity  to  the  exterior  is  developed  from  epiblastic  involutions  meeting 
outgrowths  of  the  wall  of  the  branchial  saok. 

Metagenesis. 

One  of  the  most  remarkable  phenomena  in  connection  with  the 
life  history  of  many  Ascidians  is  the  occurrence  of  an  alternation  of 
sexual  and  gemniiparous  generationB.  This  alternation  appears  to 
have  originated  from  a  complication  of  the  process  of  reproduction  by 
budding,  which  is  so  common  in  this  group.  The  mode  in  which  this 
very  probably  took  place  will  be  best  understood  by  tracing  n  series 
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of  transitional  cases  between  simple  budding  and  complete  altemationa 
of  generations. 

In  the  simpler  cases,  which  occur  in  some  Composita  Sedentaria, 
the  process  of  budding  commences  with  an  outgrowth  of  the  body 
wall  into  the  common  test,  cont^ning  a  prolongation  of  part  of  the 
alimentary  tract'. 

Between  the  epiblastic  and  hypoblastic  layers  of  the  bud  so 
formed,  a  mesoblastic  and  sometimes  a  generative  outgrowth  of  the 
parent  also  appears. 

The  fnrstenis  of  organs  of  the  bud  are  developed  from  the  corre- 
sponding layers  to  those  in  the  embryo*.  The  bud  eventually  becomes 
detached,  and  in  its  turn  gives  rise  to  fresh  buds.  Both  the  bud  and 
its  parent  reproduce  sexually  as  well  as  by  budding :  the  new  colonies 
being  derived  from  sexually  produced  embryos. 

The  next  stage  of  complication  is  that  found  in  Botryllus  (Erobn, 
Nos.  25  and  36}.  The  larva  produced  sexually  gives  lise  to  a  bud 
from  the  right  side  of  tbe  body  close  to  the  heart.  On  the  bud 
becoming  detached  the  parent  dies  away  without  developing  sexual 
organs.  Tbe  bud  of  tbe  second  generation  gives  rise  to  two  buds, 
a  tight  one  and  a  left  one,  and  like  the  larva  dies  without  reaching 
sexual  maturity.  The  buds  of  the  third  generation  each  produce 
two  buds  and  then  suffer  the  same  fate  as  their  parent. 

The  buds  of  the  third  generation  arrange  themselves  with  their 
cloacal  extremities  in  contact,  and  in  the  fourth  generation  a  common 
cloaca  is  formed,  and  so  a  true  radial  system  of  zooids  is  established ; 
the  zooids  of  which  are  not  however  sexual. 

The  buds  of  the  fourth  generation  in  their  turn  produce  two  or 
three  buds  and  then  die  away. 

Fresh  systems  become  formed  by  a  continuation  of  the  process  of 
budding,  but  the  zooids  of  the  secondary  systems  so  formed  are 
sexual.  The  ova  come  to  maturity  before  the  spermatozoa,  so  that 
cross  fertilization  takes  place. 

In  Botryllus  we  have  clearly  a  rudimentary  form  of  alternations 

'  It  Ib  not  within  the  soope  of  this  work  to  enter  into  details  with  referenoe  to  the 
prooesa  of  badding.  The  reader  is  referred  on  this  head  more  especiollj  to  the  papeis 
of  Hnxle;  (No.  16)  and  KowalerBliy  (No.  it)  on  PyroBoma,  of  BolenelL;  (No.  35)  on 
SaJps,  and  KowaleTsliy  (No.  11)  on  Aecidians  geneioU;.  It  is  a  question  of  veiy  great 
intereat  how  bndding  firat  arose,  and  then  became  ao  prevalent  in  these  degenerate  types 
of  Cbordata.  It  is  poaaible  to  soppoee  that  budding  may  have  oommenced  b;  the 
diviaion  of  embryos  at  an  early  stage  of  development,  and  have  grodnaliy  been  carried 
ODworda  by  the  help  of  natural  selection  till  lale  in  life.  There  is  perhaps  little  in  the 
form  of  bndding  of  the  Asdiiiona  to  Hnpport  this  view—the  early  badi^ng  of  Didemnom 
as  described  by  Gegenbaor  being  tbe  strongest  evidence  for  it — bnt  it  fits  in  vary  well 
with  the  division  ol  the  embryo  in  Lnmbrions  trapezoidee  deaeribed  by  Eleinenbmig, 
■ud  with  the  not  nnfreqnent  occnrrenee  of  donUe  monsteiH  in  Tertebrata  which  may 
be  regarded  u  a  i^nomenon  of  a  Himilai  natore  (Banber).  The  embryonic  bndding 
of  I^roaoina,  wbioh  might  perh^w  be  viewed  as  supporting  the  hypothesis,  appears  to 
mo  not  really  in  fiivonr  of  it;  since  the  Cyathozooid  of  Pyrosoma  is  without  doubt  an 
extremely  modified  form  of  zooid,  which  baa  obvionaly  been  specially  developed  in  ooq- 
nection  with  the  peculiar  mprodoctioa  of  the  Pyrosomidie. 

'  The  atrial  spooes  form  somewhat  donbtfnl  exceptions  to  the  nle. 
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of  generstionB,  in  that  the  sexually  produced  larva  is  asexual,  and, 
after  a  series  of  asexual  generations,  produced  gemmiparously,  there 
appear  sexual  generations,  which  however  continue  to  reproduce 
themselves  hy  huddiog. 

The  type  of  alternations  of  generations  observable  in  Botryllua 
becomes,  as  pointed  out  by  Huxley,  still  more  marked  in  Pyrosoma. 

The  true  product  of  the  ovum  is  here  {vide  p.  21)  a  rudimentary 
individual  called  by  Huxley  the  Cyathozooid.  This  gives  rise,  while 
still  an  embryo,  by  a  process  equivalent  to  budding  to  four  fully 
developed  zooids  (Ascidiozooids)  similar  to  the  parent  form,  and  itself 
dies  away.  The  four  Ascidiozooids  form  a  fresh  colony,  and  repro- 
duce (1)  sexually,  whereby  fresh  colonies  are  formed,  and  (2)  by 
ordinary  budding,  whereby  the  size  of  the  colony  is  increased.  All 
the  individuals  of  the  colony  are  sexual. 

The  alternation  of  generations  in  Pyrosoma  widely  differs  from 
that  in  Botryllusin  thefact  of  the  Cyathozooid  differing  bo  markedly 
in  its  anatomical  characters  from  the  ordinary  zooids. 

In  Salpa  the  process  is  slightly  different'.  The  sexual  forms 
are  now  incapable  of  budding,  and,  although  at  first  a  series  of 
sexual  intlividuals  are  united  together  in  the  form  of  a  chain,  so 
as  to  form  a  colony  like  Pyrosoma  or  Botryllus,  yet  they  are  so 
loosely  connected  that  they  separate  in  the  adult  state.  As  in 
Botryllus,  the  ova  are  ripe  before  the  spermatozoa.  Each  sexual 
individual  gives  rise  to  a  single  offspring,  which,  while  still  in  the 
embryonic  condition,  huda  out  a  'stolon'  from  its  right  ventral  side, 
This  stolon  is  divided  into  a  series  of  lateral  buds  after  the  solitary 
sexual  Salp  has  begun  to  lead  an  independent  existence.  The  solitary 
sexual  Salp  clearly  corresponds  with  the  Cyathozooid  of  Pyrosoma, 
though  it  has  not,  like  the  Cyathozooid,  undergone  a  retrogressive 
metamorphosis. 

By  ^  the  most  complicated  form  of  alternation  of  generatioQB 
known  amongst  the  Ascidians  is  that  in  Doliolum.  The  discovery  of 
this  metamorphosis  was  made  by  G^enbaur  (No.  to).  The  sexual 
form  of  Doliolum  is  somewhat  cask-shaped,  with  ring-like  muscular 
bands,  and  the  oral  and  atrial  apertures  placed  at  opposite  ends  of  the 
cask.  The numberofgill  slits variesaccordingtothespecies.  Theovum 
gives  rise,  as  already  described,  to  a  tailed  embryo  which  subsequently 
develops  into  a  cask -shaped  asexual  form,  On  attaining  its  full  size 
it  loses  its  branchial  sack  and  alimentary  tract.  While  still  in  the 
embryonic  condition,  a  stolon  grows  out  from  its  dorsal  side  in  the 
seventh  intermuscular  space.  The  stolon,  like  that  in  Salpa,  contains 
a  prolongation  of  the  branchial  sack'. 

On  this  stolon  there  develop  two  entirely  different  types  of  buds, 
(1)  lateral  buds,  (2)  dorsal  median  buds. 

1  Fitk  p.  26. 
'  I  draw  this 
.y  (a)  in  the  flu 
not,  OB  believed  I^  GegetibMir,  the  larral  lul. 
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The  lateral  buda  are  developed  id  regular  order  on  the  two  sides 
of  the  stolon,  and  the  most  advanced  buds  are  those  furthest  removed 
from  the  base.  They  give  rise  to  forms  with  a  very  different  organ- 
ization to  that  of  the  parent  They  are  compared  by  Gegenbaur  to 
a  spoon,  the  bowl  of  which  is  formed  by  the  branchii  sadt,  and  the 
handle  by  the  stalk  attaching  the  bud  to  the  stolon.  The  oral  open- 
ing into  the  branchial  sack  is  directed  upwards :  an  atrial  opening  ts 
remarkahly  enough  Tiot  present.  The  branchial  sack  is  perforated  by 
numerous  openings.  It  leads  into  an  alimentary  tract  which  opens 
directly  to  tne  exterior  by  an  anus  opposite  the  mouth. 

The  stalks  attaching  tlie  more  mature  buds  to  the  stolon  are 
provided  with  ventrally  directed  scales,  which  completely  hide  the 
stolon  in  a  view  from  the  ventmi  surface, 

These  buds  have,  e^ren  after  their  detachment,  no  trace  of  genera- 
tive organs,  and  shew  no  signs  of  reproducing  themselves  by  budding. 
Their  eventual  fate  is  unknown. 

The  median  dorsal  buds  have  no  such  regular  arrangement  as  the 
lateral  buds,  but  arise  in  irregular  bunches,  those  furthest  removed 
from  the  base  of  the  stolon  being  however  the  oldest.  These  buds 
are  almost  exactly  similar  to  the  original  sexual  form ;  they  do  not 
acquire  sexual  organs,  but  are  provided  with  a  stolon  attached  on  the 
ventral  side,  in  the  sixth  inter-muscular  space. 

This  stolon  is  simply  the  stalk  by  which  each  median  bud  was 
primitively  attached  to  the  stolon  of  the  first  asexual  form. 

From  the  stolon  of  the  median  buds  of  the  second  generation 
buds  are  developed  which  grow  into  the  sexual  forms. 

The  generations  of  Dobolum  may  be  tabulated  in  the  following 
way. 

Sein&l  generation, 
iBt  aiezDOl  torm  with  doisftl  Btolou, 

epooD-Iike  fonus  developed  as 
latenl  \>aAa  (eTOiitiial  luBtoiy 

onknown).  I 

semal  generation, 
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CHAPTER  III. 

ELASMOBRANCHII. 


The  impregnation  of  the  ovum  is  effected  in  the  oviduct  In  most 
forma  the  whole  of  the  subseqivent  development,  till  the  time  when 
the  emhryo  is  capable  of  leading  a  free  existence,  takes  place  in  the 
uterus  J  but  in  other  cases  the  egg  becomes  enveloped,  during  its 
paesfffie  down  the  oviduct,  first  in  a  layer  of  fluid  albumen,  and  finally 
in  a  dense  horny  layer,  which  usually  takes  the  form  of  a  quadrilateral 
capsule  with  characters  varying  according  to  the  species.  After  the 
formation  of  this  capsule  the  egg  is  laid,  and  the  whole  of  the  develop- 
ment, with  the  exception  of  the  very  first  stages,  takes  place  exter- 
nally. 

In  many  of  the  viviparous  forms  (Mustelus,  Galeus,  Carcliarias, 
Sphyma)  the  egg  is  enclosed,  during  the  early  stages  of  development 
at  any  rate,  in  a  very  delicate  shell  homologous  with  that  of  the 
oviparous  forms ;  there  is  usually  also  a  scanty  albuminous  layer. 
Both  of  these  are  stated  by  Qerbe  (No.  42)  to  be  absent  in  Squalua 
spinax. 

The  following  are  examples  of  viviparous  genera:  Hexanchus,  Noti- 
danus,  Acantbian,  Scymnus,  Galeus,  Sqtudns,  MusteluB,  Carvharias,  Sphyrna, 
Squatina,  Torpedo;  and  the  following  of  oviparous  genera:  Scjllinm,  Pris 
tiurus,  Cestracion,  Raja'. 

The  ovum  at  the  time  of  impregnation  has  the  form  of  a  large 
spherical  mass,  similar  to  the  yolk  of  a  bird's  egg,  but  without  a 
vitelline  membrane*.  The  greater  part  of  it  is  ^nned  of  peculiar 
oval  spherules  of  food-yolk,  held  together  by  a  potoplasmic  network. 
The  protoplasm  ie  especially  concentrated  in  a  email  lens-shaped  area, 
known  as  the  germinal  disc,  which  is  not  separated  by  a  sharp  line 
from  the  remainder  of  the  ovum.  Yolk  spherules  are  present  in  this 
disc  as  elsewhere,  but  are  much  smaller  and  of  a  different  character. 
The  segmentation  has  the  normal  meroblastic  character  (fig.  15)  and 
is  conned  to  the  germinal  disc.     Before  it  commences  the  germinal 

1  For  (nrth^  detaile,  vide  MHUer  (Ko.  4S).  '  Vide  Vol.  i..  p.  50. 
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disc  exhibits  amceboid  movements.  During  the  e^mentation  nuclei 
make  their  appearance  spontaneously  (?)  iu  the  yolk  adjoining  the 
germinal  disc  (fig.  15,  nx),  and  around  them  portions  of  the  yolk'with 
its  protoplasmic  network  become  segmented  off.  Cells  are  thus 
formed  which  are  added  to  those  resulting  from  the  segmentation 
proper.  Even  after  the  segmentation  numerous  nuclei  are  preEent  in 
the  granular  matter  below  the  blastodenn  (tig.  16  A,  n');  and  around 


these  cells  are  being  continually  formed,  which  enter  the  blastodenn, 
and  are  more  especially  destined  to  give  rise  to  the  hypoblast.  The 
special  destination  of  many  of  these  cells  is  spoken  of  in  detail  below. 

At  the  close  of  segmentation  the  blastcnlerm  forms  a  somewhat 
lens-shaped  disc,  thicker  at  one  end  than  at  the  other ;  the  thicker 
end  being  the  embryonic  end.  It  is  divided  into  two  strata — an 
upper  one,  the  epiblast — formed  of  a  single  row  of  columnar  cells ; 
and  a  lower  one,  the  primitive  hypoblast,  consisting  of  the  remaining 
cells  of  the  blastoderm,  and  forming  a  mass  several  strata  deep. 
These  cells  will  be  spoken  of  as  the  lower  layer  cells,  to  distingui^ 
them  from  the  true  hypoblast  which  is  one  of  their  products. 

A  cavity  very  soon  appears  in  the  lower  layer  cells,  near  the  non- 
embryonic  end  of  the  blastoderm,  but  the  cells  afterwards  disappear 
from  the  floor  of  this  cavity,  which  then  lies  between  the  yolk  and 
the  lower  layer  cells  (fig.  16  A,  ac).  This  cavity  is  the  segmentation 
cavity  equivalent  to  that  present  in  Amphioxus,  Amphibia,  etc.  The 
chief  peculiarity  about  it  is  the  relatively  late  period  at  which  it 
makes  its  appearance,  and  the  fact  that  its  roof  is  formed  both  by  the 
epiblast  and  by  the  lower  layer  cells.  Owing  to  the  large  size  of 
the  segmentation  cavity  the  blastoderm  forms  a  thin  layer  above  the 
cavity  and  a  thickened  ridge  round  its  edge. 

The  epiblast  in  the  next  stage  is  inflected  for  a  small  arc  at  the 
embryonic  end  of  the  blastoderm,  where  it  becomes  continuous  with 
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the  lower  lajer  cells ;  at  the  same  time  some  of  the  lower  layer  cells 
of  the  embryonic  end  of  the  blastoderm  assume  a  columnar  form. 


.gi.  eplbUst;  II.  lower  Isyor  oellB  orprimitiTe  hjpobUBt;  m.  meaoblMti  hy.  hypo- 
blast; tc.  Begmentetion  eavitj;  a.  embryo  ewelling;  n'.  nuclei  of  70II1;  er.  embryonic 
Tim.    e.  lover  layn  cells  at  the  non-embryonii  end  of  the  blastoderm. 

and  constitute  the  true  hypoblast.  The  portion  of  the  blastoderm, 
where  epiblast  and  hypoblast  are  continuous,  forms  a  projecting 
structure  which  will  be  called  the  embryonic  rim  (fig.  16  B,  er). 

This  rim  is  a  very  important  structure,  since  it  represents  the 
dorsal  portion  of  the  lip  of  the  blastopore  of  Amphioxua.     The  space 


FlO.  17.        LonaiTDHlHAT,   BKCTIOK    THBOUOB   the    BLASTODIRU    or   K    PRIHTITTnrH 
EUBBIO   OF   TBB    SAME   AOE    AH   FIO.  26  B. 

ep.  epiblast;  ir.  embiyonio  rim;  m.  mesoblastf  at.  meeenteTon. 

between  it  and  the  yolk  represents  the  commencing  mesenteron,  of 
which  the  hypoblast  on  the  under  side  of  the  lip  is  the  dorsal  wall. 
The  ventral  wall  of  the  mesenteron  is  at  first  formed  solely  of  yolk 
held  together  by  a  protoplasmic  network  with  numerous  nuclei.  The 
cavity  under  the  lip  becomes  rapidly  larger  (fig.  17,  aC),  owing  to  the 
continuous  conversion  of  lower  layer  cells  into  columnar  hypoblast 
along  an  axial  line  passing  from  the  middle  of  the  embryonic  rim 
towards  the  centre  of  the  blastoderm.  The  continuous  differentiation 
of  the  hypoblast  towards  the  centre  of  the  blastoderm  corresponds 
with  the  invagination  in  Amphiosus.  During  the  formation  of  the 
embryonic  rim  the  blastoderm  grows  considerably  lai^r,  but,  with  the 
exception  of  the  formation  of  the  embryonic  rim,  retains  its  primitive 
constitution. 

The  segmentation  cavity  undergoes  however  important  changes. 
There  is  formed  below  it  a  Boor  of  lower  layer  cells,  derived  partly  from 
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an  ingrowth  from  the  two  sides,  but  mainly  Irom  the  formation  of 
cells  around  the  nuclei  of  the  yolk  (fig.  16).  Shortly  after  the  floor 
of  cells  has  appeared,  the  whole  segmentation  cavity  becomes  obhte- 
rated  (fig.  17). 

The  disappearance  of  the  segmentation  cavity  corresponds  in  point 
of  time  with  the  formation  of  the  hypoblast  by  the  paeudo- invagina- 
tion above  described;  and  is  probably  due  to  this  pseudo-invagi nation, 
in  the  same  way  that  the  disappearance  of  the  segmentation  cavity 
in  Ampbioxus  ie  due  to  the  true  invagination  of  the  hypoblast 

When  the  embryonic  rim  first  appears  there  are  no  external 
indications  of  the  embryo  as  distinguished  from  the  blastoderm,  but 
when  it  has  attained  to  some  importance  the  position  of  the  embryo 
becomes  marked  out  by  the  appearance  of  a  shield-like  area  extending 
inwards  from  the  edge  of  the  embryonic  rim,  and  formed  of  two  folds 
with  a  groove  between  them  {fig.  2S  B,  mg),  which  is  deepest  at  the 
edge  of  the  blastoderm,  and  shallows  out  as  it  extends  inwards.  This 
groove  is  the  medullary  groove ;  and  its  termination  at  the  edge  of 
the  blastoderm  is  placed  at  the  hind  end  of  the  embryo. 

At  about  the  time  of  its  appearance  the  mesoblast  becomes  first 
definitely  established. 

At  the  edge  of  the  embryonic  rim  the  epiblast  and  lower  kyer 
cells  are  continuous.  Immediately  underneath  the  medullary  groove, 
as  is  best  seen  in  transverse  section  (fig.  18),  the  whole  of  the  lower 
layer  cells  become  converted  into  hypoolast,  and  along  this  line  the 
columnar  hypoblast  is  in  contact  with  the  epibhist  above.  At  the 
sides  however  this  is  not  the 
case ;  but  at  the  junction  of  tlie 
epiblast  and  lower  layer  cells 
the  latter  remain  undifferenti- 
ated. A  short  way  from  the 
edge  the  lower  layer  cells  be- 
come divided  into  two  distinct 
Uyers,  a  lower  one  continuous 
with  the  hTOoblast  in  the  mid- 
dle line,  and  an  upper  one  be- 
tween this  and  the  epiblast  (fig. 
18  B).  The  upper  layer  is  the 
commencement  of  the  mesoblast 
(nt).  The  mesoblast  thus  arises 
as  two  independent  lateral 
plates,  one  on  each  side  of  the 
medullary  groove,  which  are  con- 
tinuous behind  virith  the  un- 
differentiated lower  layer  cells 
at  the  edge  of  the  embiyonic 
rim.  The  mesoblast  plates  are 
at  first  very  short,  and  do  not 
extend  to  the  front  end  of  the 


A.  Anterior  section. 

B.  FoBterior  section. 

lag.  medollAi?  gTooTe ;  «ji.  epiblast;  h«. 
hypoblast;  n.nl.  cells  formed  loimd  the 
nuclei  of  the  jo\k.  nhiah  have  entered  the 
hji>oblaBt;  to,  mesoblBsl. 

The  sectioDB  shew  the  origin  of  the 
mesoblast. 
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embiTO.  They  soon  however  grow  forwards  as  two  lateral  ridges, 
attached  to  the  hypoblast,  one  on  each  side  of  the  medullary 
groove  (fig.  18  A,  m).  These  ridges  become  separate  from  the  hypo- 
blast, and  form  two  plates,  thioQer  in  front  than  behind ;  but  still 
continuous  af,  the  edge  of  the  blastoderm  with  the  undifferentiated 
cells  of  the  lip  of  the  blastopore,  and  laterally  with  the  lower  layer 
cells  of  the  non-embryonic  part  of  the  blastoderm.  It  results  from 
the  above  mode  of  development  of  the  mesoblast,  that  it  may  be 
described  as  arising  in  the  form  of  a  pair  of  solid  outgrowths  of  the 
wall  of  the  alimentary  tract ;  which  differ  from  the  mesoblastic  out- 
growths of  the  wail  of  the  archenteron  in  Amphioxus  in  not  contain- 
ing a  prolongation  of  the  alimentary  cavity. 

A  genend  idea  of  the  structure  of  the  blastoderm  at  this  stage 
may  be  gathered  from  the  diagram  representing  a  longitudinal  section 
through  the  embryo  (fig.  19  B).     In  this  figure  the  epiblast  is  repre- 


Fid.  19.      DUORAHHATIC  LONOITCDINAl.  BECTIOMS  OF  AN  ELABHOBRAHCH   BHBBTO. 

EpibUut  vfithont  shading.  MuobUut  black  vith  clear  outlines  to  (he  cells.  Lower 
layer  crlia  &nd  hypoblatt  with  Bimple  Bbikding. 

ep.  epiblast;  nt.  mesoblast;  al.  alimentarj  oavity ;  tg.  st^mentation  cavity;  ne. 
neural  canal ;  ch.  notochord ;  x,  point  where  epiblast  and  hjpoUast  become  continnoua 
at  the  poelerior  end  of  the  embryo;  n.  nuclei  of  yolk. 

A.  Section  ol  young  blastoderm ,  with  segcaentation  cavit;  enclosed  in  the  lower 
la;  er  cells. 

B.  Older  blastoderm  with  embryo  in  which  hypoblast  and  meeoblast  are  distinctly 
formed,  and  in  which  the  alimentary  slit  has  appeared.  The  segmentation  caiit;  a 
still  represented  as  being  present,  tliouf^  by  thia  stage  it  has  in  reality  disapp^red- 

C.  Older  blastoderm  with  embryo  in  which  the  neuial  canal  has  become  formed, 
and  is  continnouB  posteriorly  with  the  alimentaiy  canal.  The  notochord,  though 
ahaded  like  oesoblast,  beloDgB  properly  to  the  hypoblast. 
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sented  in  white  and  is  seen  to  be  coBtinuous  at  the  lip  of  the  blaato- 
pore  («)  with  the  shaded  hvpoblast  Between  the  epiblast  and  hypo- 
blast is  seen  one  of  the  lateral  plates  of  mesoblast,  represented  by 
black  cells  with  clear  outlines.  The  non-embryonic  lower  layer  cells  of 
the  blastoderm  are  represented  in  the  same  manner  as  the  mesoblast 
of  the  body.  The  alimentary  cavity  is  shewn  at  al,  and  below  it  is 
seen   the   yolk  with  nuclei   (n).     The   s^fmentation  cavity   is   re- 

5 resented  aa  still  pemsting,  though  by  this  stage  it   would   have 
isappeared. 
As  to  the  growth  of  the  blastoderm  it  may  be  noted  that  it  has 
greatly  extended  itself  over  the  yolk.    Its  edge  in  the  meantime 


Fio.  20.     Thbbe  bectiomb  thbouoh  a  pBiiTitmcs  BKBBYO  HOKHTH*!  t 

rtHAH  no.  26  C. 

A.  Section  tbrongh  the  cephalic  plate. 

B.  Section  through  the  poBterior  part  of  the  oepholic  plate. 
C    SectioD  throneh  the  trunk. 

th.  notochord;  mg.  medollarj  groove;  al.  alimentar;  tract;  Ip.  lateral  plate  of 
mesoblast;   pp.  bodyoaTity, 

forms  a  marked  ridge,  which  is  due  not  so  much  to  a  thickening  as  to  an 
arching  of  the  epiblast.  This  ridge  is  continuous  with  the  embryonic 
rim,  which  gradually  concentrates  itself  into  two  prominences,  one  on 
each  side  of  the  tail  of  the  embryo,  mainly  formed  of  masses  of 
undifferentiated  lower  layer  cells.  These  prominences  will  be  called 
the  caudal  swellings. 

By  this  stage  the  three  layers  of  the  body,  the  epiblast,  mesoblast, 
and  hypoblast,  have  become  definitely  established.  The  further  history 
of  these  layers  may  now  be  briefly  traced. 

Epiblast.  While  the  greater  part  of  the  epiblast  becomes  con- 
verted into  the  external  epidermis,  from  which  involutions  give  rise 
to  the  olfactory  and  auditory  pits,  the  lens  of  the  eye,  the  mouth 
cavity,  and  anus,  the  part  of  it  lining  the  medullary  groove  becomes 
converted  into  the  central  nervous  system  and  optic  cup  The  medullary 
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froove  is  at  firet  continued  to  the  front  end  of  the  medullary  plate ; 
ut  the  anterior  part  of  this  plate  soon  enlarges,  and  the  whole  plate 
assumes  a  spatula  form  (fig.  28  G,  h,  and  fig.  20  A  and  B).  The 
enlarged  part  becomes  converted  into  the  brain,  and  may  be  called 
the  cephalic  plate. 

The  posterior  part  of  the  canal  deepens  much  more  rapidly  than 
the  rest  (fig.  20  C),  and  the  medullary  folds  unite  dorsally  and  convert 
the  posterior  end  of  the  medullary  groove  into  a  closed  canal,  while 
the  groove  is  still  widely  open  elsewhere.  The  medullary  canal  does 
not  end  blindly  behind,  but  simply  forms  a  tube  not  closed  at  either 
extremity.     The  importance  of  this  fact  will  appear  later. 

Shortly  after  the  medullary  folds  have  met  behind  the  whole 
canal  becomes  closed  in.  This  occurs  in  the  usual  way  by  the  junction 
and  coalescence  of  the  medullary  folds.  In  the  course  of  the  closing 
of  the  medullary  groove  the  edges  of  the  cephalic  plate,  which  have 
at  first  a  ventral  curvature,  become  bent  up  in  the  normal  manner, 
and  enclose  the  dilated  cephalic  portion  of  the  medullary  canal.  The 
closing  of  the  medullary  canal  takes  place  earlier  in  the  head 
and  neck  than  in  the  hack. 

An  anterior  pore  at  the  front  end  of  the  canal,  like  that  in 
Ampbioxus  and  the  Ascidians,  is  not 
found.  The  further  differentiation  of  the 
central  nervous  system  is  described  in  a 
special  chapter ;  it  may  however  here  be 
stated  that  the  walls  of  the  medullary 
canal  give  rise  not  only  to  the  central 
nervous  system  but  to  the  peripberal  also. 

Sesoblast.  The  mesoblast  was  left 
as  two  lateral  plates  continuous  behind 
with  the  undifferentiated  cells  of  the 
caudal  swellings. 

The  cells  composing  them  become 
arranged  in  two  layers  (fig.  20  C,  Ip),  a 
splanchnic  layer  adjoining  the  hypoblast, 
and  a  somatic  layer  adjoining  the  epi- 
blast.     Between  these  two  layers  there  is 

soon  developed  in  the  region  of  the  head         Fw.  21.    Transtebbb  sec- 
a  well-marked  cavity  (fig.  20  A,  pp)  which 
is  subsequently  continued  into  the  region 
of  the  trunk,  and   forms  the   primitive 
body-cavity,  equivalent  to  the  cavity  origi- 
nating as  an  outgrowth  of  the  archenteron     Bnbnotochordal  ^°^' 
in  Ampbioxus.     The  body-cavities  of  the     tplanXiio'  meBobiaat ;' 
two  sides  are  at  first  quite  independent.        muBcle-plftte;  mp'.  portion  "of 

Coincidentally  with  the  appearance  of    mu«de.piate    converted    into 

i-ar  .■.■■*  i-  i       \         \.    ■         mnsolfl:      Vv.    pottion    of    the 

differentiation  mto  somatic  and  splanchnic  ^prtebril  plate  which  »iU  give 
layers  the  mesoblast  plates  become  in  the  Tine  to  the  veriebrel  Wiei ;  ai. 
region  of  the  trunk  partially  split  Ity  a     "limentary  tract. 
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series  of  transverse  liaes  of  divisioii  into  mesoblaetic  Bomites.     Only 

the  doraal  parts  of  the  plates  become  split  in  this  way,  their  veutra) 

parts  remaiaiDg  quite  intact.     As  a  result  of  this  each  plate  becomes 

divided  iato  a  dorsal  portion  adjoining  the  medullary  canal,  which  is 

divided  into  somites,  and  may  be  called  the  vertebral  plate,  and  a 

ventral  portion  not  so  divided,  which  may  be  called  the  lateral  plate. 

These  two  parts  are  at  this  stage 

quite  continuous  with  each  other; 

and   the   body-cavity  originally 

extends  uninterruptedly  to  the 

summit  of  the  vertebral  plates 

(fig.  21). 

The  next  change  results  in 

the  complete  separation  of  the 

vertebral   portion   of  the   plate 

from  the  lateral  portion ;  tbere- 

Fm.  23.     Horizontal  section  TBBOtruH      by  the  Upper  segmented  part  of 

THE  tBONK  Of  AN  EMBBTo  OF  ScYLLiuM  CON-     thebodv-cavitvbecomes  isolated, 

B[DKBiBLI  TOCHOBB  TBAS  28  F.  J  ■     J       r  .11 

Th.  ..ition  I.  uk.-  .1  Ih.  l.™l  rf  th.  "'<!  separeted   from   the   lower 

iiotocboid,  and  ahewB  the  E«paratioD  of  the  and  unsegmented  part.      As  a 

cells  to  form  the  Tertebral  bodies  from  the  consequeuce  of  this  change  the 

musele-pUtes.  vertebral  plate  comes  to  consist 

eft.  noloelioni;  ni.epiblaflt;  Fr.  miiiment         ,-  ■  e  l  i       t.    j- 

ot  verlebnU  bod^;  mp  muWle-plste;  m/.  of  a  senes  of  rectangular  bodies, 
portion  of  mnscIe-pUtenlieadj  differentiated  the  mesablastiC  SOmites,  each 
into  longitudinal  musolefl.  composed    of  two  layers,   a  so- 

matic and  a  splanchnic,  between 
which  is  the  cavity  originally  continuous  with  the  body-cavity 
{fig.  23,  mp).  The  splanchnic  layer  of  the  plates  buds  off  cells  to 
form  tlie  rudiments  of  the  vertebral  bodies  which  are  at  first  seg- 
mented in  the  same  planes  as  the  mesoblastic  somites  (fig.  22,  Vr). 
The  plates  themselves  remain  as  the  muscle-plates  {mp),  and  give 
rise  to  the  whole  of  the  voluntary  muscular  system  of  the  body. 
Between  the  vertebral  and  lateral  plates  there  is  left  a  connecting 
isthmus,  with  a  narrow  prolongation  of  the  body-cavity  {fig.  23  B,  s(), 
which  gives  lise  (as  described  in  a  special  chapter)  to  the  segmental 
tubes  and  to  other  parts  of  the  excretory  system. 

In  the  meantime  the  lateral  plates  of  the  two  sides  unite 
ventrally  throughout  the  intestinal  and  cardiac  regions  of  the  body, 
and  the  two  primitively  isolated  cavities  contained  in  them  coalesce. 
In  the  tail  however  the  plates  do  not  unite  ventrally  till  somewhat 
later,  and  their  contained  cavities  remain  distinct  till  eventually 
obliterated. 

At  first  the  pericardial  cavity  is  quite  continuous  with  the  body- 
cavity  ;  but  it  eventually  becomes  separated  from  the  body-cavity  by 
the  attachment  of  the  liver  to  the  abdominal  wall,  and  by  a  horizontal 
septum  in  which  run  the  two  ductus  Cuvieri  (fig.  23  A,  sv).  Two 
perforations  in  this  septum  {fig.  23  A)  leave  the  cavities  in  permanent 
communication. 
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The  parta  derived   from   the  two  layers  of  the  mesoblaat   (not 
including  special  organs  or  the  vascular  system)  are  as  follow : — 
From  the  somatic  layer  are  formed 

(1)  A  considerable  part  of  the  voluntary  muscular  system  of 

the  body. 

(2)  The  dermis. 

(3)  A  large  part  of  the  intermuscular  connective  tissue. 

(4)  Part  of  the  peritoneal  epithelium. 
From  the  splanchnic  layer  are  formed 

(1)  A  great  part  of  the  voluntary  muscular  system. 

(2)  Part  of  the  intermuscular  connective  tissue. 

(3)  The  axial  skeleton  and  surrounding  connective  tissiie. 

(4)  The  muscular  and  connective-tissue  wall  of  the  alimentary 

tract. 

(5)  Part  of  the  peritoneal  epithelium. 


Fio.  33.    Skcti 

Figure  A  ehews  the  separation  of  the  bodj-cAvity  from  the  periciirdial  cavit;  b; 
a  horJzoDtal  aeptnm  in  wlucb  fudb  the  ductus  Cuiieri;  on  the  left  aide  ia  seen  the 
narrow  poBeage  which  lemaius  counectiiig  the  two  CKvities.  Fig.  B  throogh  a  posterior 
part  of  tiie  trank  shews  the  origin  of  the  segmental  tubes  and  of  the  primitive  ova. 

tp.c.  spiual  caoal;  W.  while  matter  o(  spintil  cord;  pr.  commieBore  oonaecting 
the  posterior  nerve-roots;  eh.  notochord;  i.  sub-Dotochordal  rod;  ao.  aorta;  tr.  sinns 
venoeuH;  cap.  cardinal  vein;  ht.  heart;  j^p.  bodj-cavit;;  pc.  pericardial  cavitj ;  at. 
solid  tEsophagufl;  I.  liver;  nip,  muHole-plate ;  mp'.  inner  layer  of  mUBole-plate;  Vt.  rndi. 
ment  of  vertebral  body;  if.  s^mentol  tube;  icf.  segmental  duct;  ip.v.  spiral  valve; 
D.  subintetitiuiLl  vein. 

In  the  region  of  the  head  the  mesoblast  does  not  at  first  become 
divided  into  somites ;  but  on  the  formation  of  the  gill  clefts  a  division 
takes  place,  which    is  apparently  equivalent  to  the  segmentation 
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of  tbe  mesoblast  in  the  bunk.    This  division  caases  the  body-cavity 

of  the  head  to  be  divided  up  into  a  series  of  separate  segments, 

one  of  whinh  ia  shewn  in  fig.  24,  pp.    The  vails  of  the  segments 

eventually  give  rise  to  the  main 

^  muscles  of  the  branchial  clefts, 

^^'  andprohablyalso  tothemuscles 

.  ^^^^iv  of  the  mandibular  arch,  of  the 

^^Sm^  ^3^1  >uid  of  other  parts.     The 

aa-^Kg^  cephalic  sections  of  the  body- 

^^^^^  cavity   will    be   spoken  of  as 

F,..a4.     E.-..„..  „™.  ™™     lie»d  cavities. 

THE     LUI      TIBCB8AI.      ABCH     BUT     0KB     OF     AN  ^Q   addltlOQ    tO   UlO   paTtS    al- 

BKBBio  or  PBI8THJBD8,  ready  mentioned  the  mesoblaat 

ep.  ^blut;  oe.  poach  of  hypoblast  gives  rise  to  the  whole  of  the 
T»hi.ai  will  form  the  ««lla  of  ttriacersJoieft;  yjigpular  System,  and  to  the 
aa.  aortlo  arah.  generative  wstem.     The  heart 

is  formed  from  part  of  the 
splanchnic  mesoblast,  and  the  generative  system  from  a  portion  of  the 
mesoblast  of  the  dor^  part  of  the  body-cavity. 

TllO  hypoblast.  Very  shortly  after  the  formation  of  the  meso- 
blastic  plates  as  lateral  differentiations  of  the  lower  layer  cells,  an 
axial  differentiation  of  the  hypoblast  appears,  which  gives  rise  to  the 
notochord  very  much  in  the  same  way  as  in  Amphioxus. 

At  first  the  hypoblast  along  the  axial  line  forme  a  single  layer  in 
contact  with  the  epiblast.  Along  this  line  a  rod-like  thickening  of 
the  hjrpoblast  very  eoon  appears  (fig.  25,  B  and  C,  Ch')  at  the 
head  end  of  the  embiyo,  and  gradually  extends  backwards.  This  is 
the  rudiment  of  the  notochord ;  it  remains  attached  for  some  time  to 
the  hypoblast,  and  becomes  separated  from  it  firat  at  the  head  end  of 
the  emoiyo  (fig.  25  A,  'ch) :  the  separation  is  then  carried  backwards. 

A  series  of  sections  taken  through  «n  embryo  shortly  after  the  first 
differentiation  of  tiie  notochord  presents  the  following  characters. 

In  the  hindermoet  sections  the  hypoblast  retains  a  perfectly  normal 
structure  and  uniform  thicknesa  throughout  In  the  next  few  sections  (fig. 
26  C,  Ch')  a  slight  thickening  is  to  be  observed  in  it,  immediately  below 
the  medullary  groove.  The  layer,  which  elsewhere  is  composed  of  a  single 
row  of  cells,  her«  becomes  two  cells  deep,  but  no  sign  of  a  division  into  two 
layers  is  exhibited. 

In  the  next  few  sections  the  thickening  nf  the  hypoblast  becomes  much 
more  pronounced;  we  have,  in  fact,  a  ridge  projecting  from  Uie  hypoblast 
towards  the  epiblast  (fig.  25  B,  Ch').  This  ridge  is  pressed  firmly  against 
the  epibluat,  and  causes  in  it  a  slight  indentation.  The  hyptoblast  in  the 
region  of  the  ridge  is  formed  of  two  layers  of  cells,  the  ridge  being  entirely 
due  to  the  uppermost  of  the  two. 

In  sections  in  front  of  this  a  cylindrical  roil,  which  (»n  at  once  be 
recognised  as  the  notochord,  and  is  continuous  with  the  ridge  just  described, 
begins  to  be  split  off  from  the  hypoblast  (fig.  25  A,  Ch).  It  is  difficult  to 
ssj  at  whnt  point  the  Bfipamtion  of  this  rod  from  the  hypoliUst  ii  com- 
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pleted,  siuoe  all  intennediate  gradationB  between  ooinplete  aeparation  and 
complete  attachment  are  to  be  Been. 

Shortly  after  the  eeparatioQ  takes  place,  a  ffurly  thick  bridge  is 
found  connecting  the  two 
lateral  balTes  of  the  hypo- 
blast, bat  this  bridge  is  an- 
terioriy  ezcesaively  delicate 
and  thin,  and  in  some  cases 
is  barely  visible  except  with 
high  powers.  In  some  sec- 
tions I  have  observed  possi- 
ble indications  of  the  pro- 
cess like  tiiat  described  by 
Calberla  for  Fetronyzon,  by 
which  the  lateral  parts  of 
the  hypoblast  grow  in  tmder- 
neath  the  axial  part,  and  so 
isolate  it  bodily  as  the  noto- 

It  is  not  absolutely 
clear  whether  the  noto- 
chord  is  to  be  regarded  as  Vta.  26.    Thbm   bictiohs   oy   a  Pribttobcb 

on  axial  difTerentiation  of     embkio  buoqtli  olcsb  tiuh  na.  3S  B. 
the    hypoblast,    or    as    an  flic  BeotionB  Bhev  thederdopment  of  tbenoto- 

axial  differentiation  of  the    '''"*'^- 

lowfr  IftvBT  npll'*  "^^^  lotoohord;  CK.  developing  notoohordi  mg. 

lower  layer  ceiia.  madoUflr?  groove;    tp.  lateral  plate  of  meaoblast; 

Ihe    facts   of  develop-      rp.  epibUat;  fty.  hypoblftBt. 
tnent  both  in  Amphioxus 

and  Elasmobranchii  tend  towards  the  former  view ;  but  the  nearly 
simaltaneous  differentiation  of  the  notochord  and  the  mesoblastic 
plates  lends  some  support  to  the  supposition  that  the  notochord  may 
be  merely  a  median  plate  of  meaoblast  developed  slightly  later  tbiui 
the  two  lateral  plates. 

The  alimentary  canal  or  mesenteron  was  left  as  a  space  between 
the  hypoblast  and  the  yolk,  ending  bliodly  in  front,  but  opening 
behind  by  a  vidish  aperture,  the  blastopore  or  anus  of  Rusconi  {vide 
fig.  19  B). 

The  conversion  of  this  irregular  cavity  into  a  closed  canal  com- 
mences first  of  all  at  the  anterior  extremity.  In  this  conversion  two 
distinct  processes  are  concerned.  One  of  these  is  a  process  of  folding 
off  of  the  embryo  from  the  blastoderm.  The  other  is  a  simple  growth 
of  cells  independent  of  any  fold.  To  the  first  of  these  processes 
the  depth  and  narrowness  of  the  alimentary  cavity  is  due;  the  second 
is  concerned  in  forming  its  ventral  wall.  The  process  of  the  folding 
off  of  the  embryo  from  the  blastoderm  resembles  exactly  the  similar 
process  in  the  embryo  bird.  The  fold  is  a  perfectly  continuous  one 
round  the  front  end  of  the  embiyo,  but  may  be  conveniently  spoken 
of  as  composed  of  a  head-fold  and  two  lateral  folds. 
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Ch,  notochocd ;   hff.  hypoblast 
al.    alimentary  tract;      no.  cqIIb 
'  1  from  the  yolk  to  form 
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Of  far  greater  interest  thau  the  nature  of  these  folds  is  the  forma- 
tion of  the  ventral  wall  of  the  alimentary  canal  This  originates  in 
a  growth  of  cells  from  the  two  sides  to  the  middle  line  (fig.  26). 
The  cells  for  it  are  not  however  mainly 
derivedfrom  pre-existinghypohlast cells, 
but  are  formed  de  novo  around  the  nuclei 
of  the  yolk  which  have  already  been 
spoken  of  (fig.  26,  no).  The  ventral 
wall  of  the  mesenteron  is  in  fact,  to  a 
lai^e  extent  at  any  rate,  formed  as  a 
differeiitiatioa  of  the  primitive  yolk 
floor. 

The  folding  off  and  closing  of  the 
alimentary  canal  in  the  anterior  part  of 
the  body  proceeds  rapidly,  and  not  only 
is  a  considerable  tract  of  the  alimentaiy 
canal  formed,  but  a  great  part  of  the 
the  vantral  waU  of  the  alimentiry  head  IS  completely  folded  off  from  the 
tiftot,  yolk   before   the   medullary  groove   is 

closed. 
The  posterior  part  of  the  alimentary  canal  retains  for  a  longer  time 
its  primitive  condition.     Finally  however  it  also  becomes  closed  in, 
by  the  lips  of  the  blastopore  at  the  hind  end  of  the  embryo  meeting 
and  uniting.     The  peculiarity  of  the  closing  in  of  the  posterior  part 
of  the  alimentary  canal  consists  in  the  fact  that  a  similar  continuity 
to  that  in  Amphiosus  obtains  between  the  neural  and  alimentary  canals. 
This  is   due   to   the   medullary  folds  being 
continuous  at  the  end  of  the  tail  with  the 
lips  of  the  blastopore,  which  close   in  the 
hmd  end  of  the  alimentary  canal ;  so  that, 
when  the  medullary  folds  unite  to  form  a 
canal,  this   canal   becomes  continuous  with 
the  alimentary  canal,  which  is  closed  in  at 
the  same  time.      In  other  words,  the  me- 
dullary folds  assist  in  enveloping  the  btas- 
Fw,  27,     LoHQiTOMNiL     toporo  which  does  not  therefore  become  ab- 
solutely closed,  but  opens  into  the  floor  of 
-gp  the   neural   canal.      It    will  afterwards  be 

"~i  BheiTB  the     ^^"^^'^  ''^^*  '^  '^  only  the  posterior  part  of  the 
which  eiisu     blastopore  tbat  becomes  closed  during  the 
between  the  neural  and  all-     above   process,   and   that  the   anterior  and 
ventral  part  long  remains  opea     The  general 
arrangement  of  the  parts,  at  the  time  when 
the  hind  end  of  the  mesenteron  is  first  closed, 
is  shewn  in  fig.  27.    The  same  points  may  be 
seen  in  the  diagrammatic  longitudinal  section  fig.  19  C. 

The  middle  portion  of  the  alimentary  tract  is  the  last  to  be  closed 
in,  since  it  remains  till  late  in  embryonic  life  as  the  umbilical  or 


mentary  canal) 

nc.  neural  canal;  al. ali- 
mentary tract;  Ch.  aoto- 
chord;  Ti.  tnil  aweUing. 
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vitelline  canal,  connecting  the  yolk  sack  witb  tlie  alimentary  cavity. 
The  umbilical  canal  falls  into  the  alimentary 
tract  immediately  behind  the  entrance  of  the 
hepatic  duct. 

At  a  fairly  early  stage  of  development  a 
rod  is  constricted  off  from  the  dorsal  wall  of 
the  alimentary  canal  (figs.  27*  and  23  a),  which 
is  known  as  the  subnotochordal  rod.  It  is 
placed  immediately  below  the  notochord,  and 
disappears  during  embryonic  life. 

General  features  of  Ike  Elasmobranch  embryo 
at  successive  stages. 

Shortly  after  the  three  germinal  layers  be- 
come de&nitely  established,  the  rudiment  of  the 
embryo,  as  visible  from  the  surface,  consists  of 
an  oblong  plate,  which  extends  inwards  from         j,,^    ,„       t..«. 
the  periphery  of  the  blastoderm,  and  is  bound-     veri 
ed  on  its  inner  side  by  a  head-fold  and  two     ^^^ 
lateral  folds  (fig.  28  B).     This  plate  is  the  me-     ^1' 
dullary  plate ;  along  its  axial  line  is  a  shallow 
groove — the  medullary  groove  {mg).     The  ru- 
diment  of  the    embryo   rapidly   increases   in 
length,  and  takes  a  spatula-Hke  form  (fig.  28  C). 
The  front  part  of  it,  turned  away  from  the  edge 
of  the  blastoderm,  soon  becomes  dilated  into  a 
broad  plate, — the  cephahc  plate  (A) — while  the 
tail  end  at  the  edge  of  the  blastoderm  is  also 
enlarged,  being  formed  of  a  pair  of  swellings —     ^^  uui-m  »iui 
the  tail  swellings  (te) — derived  from  the  lateral    alimentary  tract ;  of,  aii- 
parts  of  the  original  embryonic  rim.     By  this     menUry  tract. 
stf^e  a  certain  number  of  mesoblastic  somites 
have  become  formed  but  are  not  shewn  in  my  figure.     They  are  the 
foremost  somites  of  the  trunk,  and  those  behind  them  continue  to  be 
added,  like  the  segments  in  Chtetopods,  between  the  last  formed  somite 
and  the  end  of  the  body.     The  increase  in  length  of  the  body  mainly 
takes  place  by  growth  in  the  region  between  the  last  mesoblastic 
somite  and  the  end  of  the  tail.     The  anterior  part  of  the  body  is 
now  completely  folded  o£F  from  the  blastoderm,  and  the  medullary 
groove  of  the  earlier  stf^e  has  become   converted   into   a   closed 
canal. 

By  the  next  stage  (fig.  28  D)  the  embryo  has  become  so  much 
folded  off  from  the  yolk  ^th  in  front  and  behind  that  the  separate 
parts  of  it  h^n  to  be  easily  recognizable. 

The  embryo  is  attached  to  the  yolk  by  a  distinct  stalk  or  cord, 
which  in  the  succeeding  stages  gradually  narrows  and  elongates,  and 
is  known  as  the  umbilical  cord  {so.  s.).     The  medullary  canal  has  now 


df.  AareaX  fin;  tp.c. 
spinal  cord;  pp.  body- 
cavity;  ip.  sAancbmo 
layer  of  meBoblaat;  to, 
Eomatio  layer  of  meio- 
blast;  mp.  commeDomg 
differentiation  of  mns- 
cles;  ch.  uotocliard;  i. 
sabcotochordal  rod  aris- 
ing aa  an  ontgrowth  of 
the  dorsal  wiJ]   of  the 
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become  completely  dosed.  The  anterior  region  constitutes  the  brain ; 
and  in  tbis  part  slight  constrictions,  not  perceptible  in  views  of  the 
embryo  as  a  transparent  object,  mark  off  three  vesicles.  These 
vesicles  are  known  as  the  fore,  mid,  and  hind  brain.  From  the  fore- 
brain  there  is  an  outgrowth  on  each  side,  tbe  first  rudiment  (^  the 
optic  vesicles  (op).    Tbe  tail  swellings  are  still  conspicuous. 

The  tissues  of  the  body  have  now  become  fairly  transparent,  and 
there  may  be  seen  at  the  sides  of  tbe  body  seventeen  meaoblastic 


Via.  38.    TiBVfl  or  Eubmobmkch  ehbbtos. 
A — F.    FBtBTiiniuB.  O.   and  E.    Sctlucm. 

A.    A  blastoderm  beFore  the  formatioii  of  the  mediillaiy  plate,    w.  MgmetitatioQ 
oiivlt; ;  a.  embryonio  swelliiig. 


C.  An  embryo  from  the  doisal  Borfaee,  w  an  opaqne  objMt,  aFter  tbe  mednUaTT 
groore  baa  beoome  posteriorly  conTerted  into  a  tube.  mg.  madallary  groove:  tbe 
reference  line  poinls  veiy  neariy  to  the  jnnotion  between  the  open  mednllaiy  noove 
with  tbe  mednllaiy  tnbe;  h.  oephaUo  plate;  U.  tail  swelling. 

D.  Side  view  of  a  somewhat  older  embryo  as  a  traniparent  object,    eft.  notochord; 
optic  TBHiole;  I.v.e.  1st  visceral  oleftj  ol.  alimentary  tract;  »o.«.  ataiv  oomiectiiui 

I  yolfe-Mck  with  the  embryo. 

E.  Side  view  of  an  older  embrj'o  as  a  transparent  object,  v^.  mnBole-pIatea* 
ou.e.  aaditory  veaiole;  pc.  visceral  olefl;  he.  heart;  m.  month  invagmation ;  on.  anal 
divertiOQliun;  at.r.  posterior  vesicle  of  post-anal  gnt. 

F.  O.  H.    Older  embryos  as  opaqae  objects. 
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Bomitea.  The  notochord,  which  was  formed  lo&g  before  the  eia^  repre- 
sented in  figure  28  D,  is  uow  also  distinctly  viaiUe.  It  extends  from 
almost  the  extreme  posterior  to  the  anterior  end  of  the  embryo,  and 
lies  between  the  ventral  wall  of  the  spinal  canal  and  the  dorsal  wall 
of  the  intestine.  Bound  its  posterior  end  the  neural  and  alimen- 
tary tracts  become  continuous  with  each  other.  Anteriorly  the 
termination  of  the  notochord  cannot  be  seen,  it  can  only  be  traced 
into  a  mass  of  mesoblast  at  the  base  of  the  brain,  which  there 
separates  the  epiblast  from  the  hypoblast.  The  alimentary  canal  {aX) 
is  completely  closed  anteriorly  and  posteriorly,  though  still  widely 
open  to  the  yolk -sack  in  the  middle  part  of  its  course.  In  the  region 
of  the  bead  it  exhibits  on  each  side  a  slight  bulging  outwards,  the 
rudiment  of  the  first  visceral  cleft.  This  is  represented  in  the  figure 
by  two  lines  (i.  v.c.). 

The  embryo  represented  in  fig.  28  E  is  far  larger  than  the  one 
just  described,  but  it  has  not  beeo  convenient  to  represent  this  increase 
of  size  in  the  figure.  Accompanying  this  increase  in  size,  the  folding 
off  from  the  yolk  has  considerably  progressed,  and  the  stalk  which 
unites  the  embryo  with  the  yolk  is  proportionately  narrower  and 
longer  than  before. 

The  brain  is  now  very  distinctly  divided  into  the  three  lobes,  the 
rudiments  of  which  appeared  during  the  last  stage.  From  the  fore- 
most of  these  the  optic  vesicles  now  present  themselves  as  well- 
marked  lateral  outgrowths,  towards  which  there  has  appeared  an 
involution  from  the  external  skin  {op)  to  form  the  lens. 

A  fresh  organ  of  sense,  the  auditory  sack,  now  for  the  first  time 
becomes  visible  as  a  shallow  pit  in  the  external  skin  on  each  side  of 
the  hind-brain  (a«.tf).  The  epiblast  which  is  involuted  to  form  this 
pit  becomes  much  thickened,  and  thereby  the  opacity,  indicated  in 
the  figure,  is  produced. 

The  mesoblastic  somites  have  greatly  increased  in  number  by 
the  formation  of  fresh  somites  in  the  tail.  Thirty-eight  of  them 
were  present  in  the  embryo  figured.  The  mesoblast  at  the  base  of 
the  brain  is  more  bulky,  and  there  is  still  a  mass  of  unsegmented 
mesoblast  which  forms  the  tail  swellings.  The  first  rudiment  of  the 
heart  (Ai)  becomes  visible  during  this  stage  as  a  cavity  between  the 
mesoblast  of  the  splanchnopleure  and  the  hypoblast. 

The  fore  and  hind  guts  are  now  longer  than  they  were.  An  inva- 
gination from  the  exterior  to  form  the  mouth  has  appeared  (rn)  on 
the  ventral  side  of  the  head  close  to  the  base  of  the  thalamence- 
phalon.  The  upper  end  of  this  eventually  becomes  constricted  off  as 
the  pituitary  body,  and  an  indication  of  the  future  position  of  the 
anus  is  afibraed  by  a  slight  diverticulum  of  the  hind  gut  towards  the 
exterior,  some  little  distance  from  the  posterior  end  of  the  embryo 
{aii).  The  portion  of  the  alimentary  canal  behind  this  point,  though 
at  Uiis  stage  large,  and  even  dilated  into  a  vesicle  at  its  posterior  end 
(al.v),  becomes  eventually  completely  atrophied.  It  is  known  as 
the  postanal  gut.     In  the  region  of  the  throat  the  rudiment  of  a 
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second  visceral  cleft  has  appeared  behind  the  first ;  ueither  of  them 
is  as  yet  open  to  the  exterior. 

In  a  somewhat  older  embrjo  the  first  apontaneous  movementa 
take  place,  and  consist  in  somewhat  rapid  excursions  of  the  embryo 
from  side  to  side,  produced  by  a  serpentine  motion  of  the  body. 

A  ventral  flexure  of  the  prxoral  part  of  the  head,  known  as  the 
cranial  flexure,  which  commenced  in  earlier  stages  (fig.  28  D  and  E), 
has  now  become  very  evident,  and  the  mid-brain'  begins  to  project 
in  the  same  manner  as  in  the  embryo  fowl  on  the  third  day,  and 
will  soon  form  the  anterior  termination  of  the  long  axis  of  the 
embryo.  The  foro-brain  haa  increased  in  size  and  distinctness,  and 
the  anterior  part  of  it  may  now  be  looked  on  as  the  unpaired  rudi- 
ment of  the  cerebral  hemispheres. 

Further  chants  have  taken  place  in  the  organs  of  sense,  especially 
in  the  eye,  in  which  the  involution  for  the  lens  has  made  considerable 
progress.  The  number  of  the  muscle-plates  has  again  increased,  but 
there  is  still  a  region  of  unsegmented  mesoblast  in  the  tail  The 
thickened  portions  of  mesoblast,  which  caused  the  tail  swellings,  are 
still  to  be  seen,  and  would 
seem  to  act  as  the  reserve 
from  which  is  drawn  the 
matterfortherapidgrowth 
of  the  tail,  which  occurs 
soon  sSiei  this.  The  mass 
of  the  mesoblast  at  the 
base  of  the  brain  has 
again  increased.  No  fresh 
features  of  interest  are  to 
be  seen  in  the  notochord. 
The  heart  is  very  much 
more  conspicuous  than  be- 
fore, and  its  commencing 
flexure  is  very  apparent. 
It  now  beats  actively. 
The  post-anal  gut  is  much 
longer  than  during  the 
last  stage  ;  and  the  point 
where  the  anus  will  ap- 
pear is  very  easily  detected 
by  a  bulging  out  of  the 
gut  tow^B  the  external 
skin.  The  alimentary 
vesicle  at  the  end  of  the 
poat-anal  gut,  first  observ- 


Pio.  28-.    F. 

AKUi  rABI  OF  THB  TK\L  OF  AM  EKBBIO  OF  THH  SAHE 

AOB  u  no.  28  F. 

A.  ia  the  posterior  seotion. 
Rc.  uennd  oanal;  al.  poat-anal  got;  alv.  c»ndal 
leeide  of  poBt-anal  gut;  z.  sabaotochord  rod;  mp. 
maade-plile ;   eft.   notochord;    el.aL   cloaca;    ao, 
aorta;  v.cau.  caudal  vein. 
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able  duriog  the  last  stage,  la  now  a  more  conspicuous  organ.  There 
are  three  visceral  clefts,  none  of  which  are  as  yet  open  to  the  exterior. 
Figure  28  F  represents  a  considerably  older  embryo  viewed  as  an 
opaque  object,  and  fig.  29  A  is  a  view  of  the  head  as  a  transparent 
object.  The  stalk  connecting  it  with  the  yolk  is  now,  comparatively 
speaking,  quite  narrow,  and  is  of  sufBcient  length  to  permit  the 
embryo  to  execute  considerable  movements. 

The  tail  has  grown  immensely,  hut  is  still  dilated  terminally. 
The  terminal  dilatation  is  mainly  due  to  the  alimentary  vesicle  (fig.  2S* 
alv),  but  the  postanal  section  of  the  alimentary  tract  in  front  of  this 
is  now  a  solid  cord  of  cells.  Both  the  aliioentary  vesicle  and  this  cord 
very  soon  disappear.     Their  relations  are  shewn  in  section  in  Rg.  28*. 

The  two  pairs  of  limbs 
have  appeared  as  differen- 
tiations of  a  continuous  but 
not  very  conspicuous  epi- 
blastic  thickening,  which 
is  probably  the  rudiment 
of  a  lateral  fin.  The  an- 
terior pair  is  situated  just 
at  the  front  end  of  the 
umbilical  stalk ;  and  the 
posterior  pair,  wbich  is  the 
later   developed   and   less 

conspicuous  of  the  two,  ia 

situated    some   little   dis- 
tance behind  the  stalk. 
The  cranial  flexure  has 

greatly  increased,  and  the 

angle    between   the   long 

axis  of  the  front  part  of 

the  head  and  of  the  body 

is  less  than  a  right  angle. 

The  conspicuous  mid-brain 

(29  A,  mh)  forms  the  an- 
terior termination  of  the 

long  axis  of  the  body.  The 

thin  roof  of  the  fourth  ven- 
tricle (Aft)  may  be  noticed 

in   the  figure  behind  the 

mid-brain.     The  auditory 

sack  {fjM,  V)  is  nearly  closed, 

and    its   opening    ia    not      ^^^   __^ ^ 

shewn  in  the  figure.      In     Tentriole;  eh.  cerebeilam;  ol. 

the  eye  (op)  the  le 

completely   formed. 

olfactory  pit  (o2)  is  seen  : 

little  in  front  of  the  eye. 
B.  E.  n. 


A.  PriBtionii  embm)  of  the  BAme  stage  ui  fi^. 
38  F. 

B.  BomeiTh&t  older  ScyUiom  embryo. 

in.  third  nerve;    V.  fifth  nerve;   VII.  Mreuth 
anditoiy  nerve;  ;^  glOBBophoTTiigebl 


of  brein;  «A.  notochord;  fit.  heart;  Vc.  visceral 
clefls;  tg.  external  dills;  pp.  eectioDs  ol  bodj'- 
cavitj  in  the  head. 
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OwiDg  to  the  opacity  of  the  embryo,  the  muscle-plates  are  ooly 
indistinctly  indicatea  in  %.  28  F,  and  no  other  features  of  the  meBO- 
blast  are  to  be  seen. 

The  mouth  is  now  a  deep  pit,  the  hind  borders  of  which  are 
almost  completely  formed  by  a  tbiclieQing  in  front  of  the  first 
branchial  or  visceral  cleft,  which  may  be  called  the  first  branchial  arch 
or  mandibular  arch. 

Four  branchial  clefts  are  now  visible,  all  of  which  are  open  to  the 
exterior,  but  in  the  embryo,  viewed  as  a  transparent  object,  two  more, 
not  open  to  the  exterior,  are  visible  behind  the  last  of  these. 

Between  each  of  these  and  behind  the  last  one  there  is  a  thicken- 
ing of  the  mesoblast  which  gives-  rise  to  a  branchial  arch.  The  arch 
between  the  first  and  second  cleft  is  known  as  the  hyoid  arch. 

Fig.  29  B  is  a  representation  of  the  head  of  a  slightly  older  embryo 
in  which  papillae  may  be  seen  in  the  front  wall  of  the  second,  third, 
and  fourth  branchial  clefts  :  these  papillse  are  the  commencements  of 
filiform  proceBsea  which  grow  out  from  the  gill-clefts  and  form  ex- 
ternal gills.  The  peculiar  ventral  curvature  of  the  anterior  end  of  the 
notochord  {ch)  both  in  this  and  in  the  precedii^  figure  deserves  notice. 

A  peculiar  feature  in  the  anatomy  makes  its  appearance  at  this  period, 
viz.  the  replacement  of  the  original  hollow  asoplu^iiii  by  a  solid  cord  of 
cells  (fig.  23  A,  om)  in  which  a  lumen  doea  not  reappear  till  very  much 
later,  I  Lave  found  that  in  Bomo  Teleostei  (the  Salmon)  long  after 
they  are  hatched  a  similar  solidity  in  the  ceaophagus  is  present.  It 
appears  nut  impossible  that  this  feature  in  the  (Bsophagus  may  be  connected 
with  the  fact  that  in  the  ancestors  of  the  present  types  file  cesophagus 
was  perforated  by  gill  slits ;  and  that  in  the  process  of  embryonic  abbrevia- 
tion the  Etage  with  the  perfurated  cesophagua  became  replaced  by  a  stage 
with  a  cord  of.  indifferent  cells  (the  <esopliagus  being  in  the  embryo  quite 
functionless)  out  of  which  the  nou; perforated  <BSophagu8  was  directly  formed. 
In  the  highertypes  the  process  of  development  appears  to  have  become  quite 

By  this  stage  all  the  parts  of  the  embryo  have  become  established, 
and  in  the  succeeding  s^iges  the  features  characteristic  of  the  genus 
and  species  are  gradually  acquired. 

Two  embryos  of  Scyllium  are  represented  in  fig.  28  O  and  H, 
the  head  and  anterior  part  of  the  trunk  being  represented  in  fig.  G, 
and  the  whole  embryo  at  a  much  later  stage  in  fig.  H. 

Id   both   of  these,  and   especially  in   the   second,  an  apparent 

diminution  of  the  cranial  flexure  is  very  marked.     This  diminution 

13  due  to  the  increase  in  the  size  of  the  cerebral  hemispheres,  which 

grow  upwards  and  forwards,  and  press  the  original  fore-brain  against 

-     the  mid-brain  behind. 

In  fig.  G  the  rudiments  of  the  nasal  sacks  are  clearly  visible  as 
small  open  pits. 

The  first  cleft  is  no  longer  similar  to  the  rest,  but  by  the  closure 
of  the  lower  part  has  commenced  to  be  metamorphosed  into  the 
spiracle. 


3y  Google 


MLASMOBRAA'CH]!.  SI 

Accompanying  the  change  in  position  of  the  first  cleft,  the  man- 
(fibular  arch  has  b^ua  to  bend  round  so  as  to  enclose  the  tront  as 
well  as  the  sides  of  the  mouth.  By  this  change  in  the  maDdibular 
arch  the  mouth  becomes  narrowed  in  an  antero-posterior  direction. 

In  fig.  H  are  seen  the  long  fitiform  external  gills  which  now  pro- 
ject out  from  all  the  visceral  clefts,  including  the  spiracle.  They 
are  attached  to  the  front  wall  of  the  spiracle,  to  both  walls  of  the 
next  four  clefts,  an<)  to  the  front  wall  of  the  last  cleft.  They  have 
very  possibly  become  specially  developed  to  facilitate  respiration 
within  the  egg;  and  they  disappear  before  the  close  of  larval  life. 

When  the  young  of  Scylliutu  &nd  other  Sharks  are  batched  they 
have  all  the  external  characters  of  the  adult.  In  Ksja  and  Torpedo 
the  early  stages,  up  to  the  acquirement  of  a  shark-like  form,  are 
similar  to  those  in  the  Selachoidei,  but  during  the  later  embryonic 
stages  the  body  gradually  flattens  out,  and  assumes  the  adult  form, 
which  is  thus  clearly  shewn  to  be  a  secondary  acquirement. 

An  embryonic  gill-cleft  behind  the  last  present  in  the  adult  is 
found  (Wyman,  No.  54)  in  the  embiyo  of  Raja  batis. 

The  unpaired  fins  are  developed  in  Elasmobmnchs  as  a  fold 
of  skio  on  tne  dorsal  side,  which  is  cuntiuued  round  the  end  of  the 
tail  along  the  ventral  side  to  the  anus.  Local  developments  of  this 
give  rise  to  the  dorsal  and  anal  fins.  The  caudal  fin  is  at  first 
symmetrica],  but  a  special  lower  lobe  grows  out  and  gives  to  it  a 
beterocercal  character. 

Enclosure  o/the  yolk-aack  and  its  relation  to  the  embryo. 

The  blastoderm  at  the  stage  represeDt«d  in  fig.  28  A  and  B  forms 
a  small  and  nearly  circular  patch  on  the  surface  of  the  yolk,  composed 
of  epihlast  and  lower  layer  cells.  While  the  body  of  the  embryo  in 
gradually  being  moulded  tbis  patch  grows  till  it  envelopes  the  yolk ; 
the  growth  is  not  uniform,  but  in  less  rapid  in  the  immediate  neigh- 
bourhood of  the  embryonic  part  of  the  blastoderm  than  elsewhere. 
As  a  consequence  of  this,  that  part  of  the  edge,  to  which  the  embryo 
is  attached,  forms  a  bay  in  the  otherwise  regular  outline  of  the  edge 
of  the  bhkstoderm,  and  by  the  time  that  about  two-thirds  of  the 
yollc  is  enclosed  this  bay  is  very  conspicuous.  Jt  is  shewn  in  fig. 
30  A,  where  bl  points  to  the  blastoderm,  and  yk  to  the  part  of  the 
yolk  not  yet  covered  by  the  blastoderm.  The  embryo  at  this  time 
IS  only  connected  with  the  yolk-sack  by  a  narrow  umbilical  cord ; 
but,  as  shewn  in  the  figure,  is  stilt  attached  to  the  edge  of  the 
blastoderm. 

Shortly  subsequent  to  this  the  bay  in  the  blastoderm,  at  the 
head  of  which  the  embryo  is  att;iched,  becomes  obliterated  by  its 
two  sides  coming  together  and  coalescing.  The  embryo  then  ceases 
to  be  attached  at  the  edge  of  the  blastoderm.  But  &  linear  streak 
formed  by  the  coalesced  edges  of  the  blastoderm  is  left  connectiog  the 
embryo  with  tlio  edge  of  the  blastoderm.     This  streak  is  probably 
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aDal<^ous   to  (though   not  genetically  related  with)  the  primitive 

streak  in  the  Amniota. 

This  stage  is  represented  in  fig.  30  B.      In  this  figure  there  is 
only  a  small  patch  of  yolk 
4  (yi)  not  yet  enclosed,  which 

is  situated  at  some  little 
distance  behind  the  embryo. 
Throughout  all  this  period 
the  edge  of  the  blastoderm 
has  remained  thickened  :  a 
feature  which  persists  till 
the  complete  investment  of 
the  yolk,  which  takes  place 
shortly  after  the  stj^  last 
described.  In  this  thickened 
^  edge  a  circular  vein  arises 

which  brings  back  the  blood 
from  the  yolk-sack  to  the 
embryo.  The  opening  in 
the  blastoderm,  exposing  the 
portion  of  the  yolk  not  yet 
covered,  may  be  conveni- 
ently called  the  yolk  blas- 
topore. It  is  interesting  to 
notice  that,  owing  to  the 
C  large   size   of  the  yolk   in 

Elasmobrancfas,  the  posterior 
part  of  the  primitive  blas- 
topore becomes  encircled  by 
the  medullary  folds  and  tail- 
swellings,  and  is  so  closed 
long  before  the  anterior  and 
more  ventral  part,  which  is 
represented  by  the  uncover- 
ed portion  of  the  yolk.  It 
is  aJso  worth  remarking  that, 
owing  to  the  embryo  be- 
coming removed  from  the 
edge  of  the  blastoderm,  the 
final  closure  of  the  yolk 
blastopore  takes  place  at 
some  little  distance  frow,  Vie 
embryo- 

The  blastoderm  enclos- 
ing the  yolk  is  formed  of  an 
external  layer  of  epiblast, 
a  layer  of  mesoblast  below 
in  which  the   blood-vessels 


The  shaded  pan  (£1)  is  the 
white  part  the  uucoTSred  yolk. 

A.  Yooug  stage  vith  the  embryo  BtUl  at- 
tached at  the  edge  ol  the  blaetodeim. 

B.  Older  stage  vith  the  yolk  not  quite  en- 
closed by  Uie  blsBtodenn. 

C.  Stage  after  the  complete  enclosare  of  the 
yolk 

V^-yolk;  £1.  blastoderm;  r.  renons  trnuks 
of  yolk-BBck;  a.  arterial  trunks  of  yolk-sack; 
y.  point  of  otoBore  of  the  yolk  blastopore ;  x.  por- 
tion of  the  blaatodemi  ootaide  the  arterial  sinus 
tenninalis. 
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are  developed,  and  within  this  a  layer  of  hypohlast,  which  is  especially 
well  marked  and  ciliated  [Leydig,  No.  46)  in  the  umbilical  stalk,  where 
it  lines  the  canal  leading  from  the  yolk-sack  to  the  intestine.  Id  the 
region  of  the  yolk-aack  proper  the  blastoderm  is  so  thin  that  it  is 
not  ea^  to  be  quite  sure  that  a  layer  of  hypoblast  is  throughout  dis- 
tinct Both  the  hypoblast  and  mesohlast  of  the  yolk-sack  are  formed 
by  a  differentiation  of  the  primitive  lower  layer  celb. 

Nutriment  from  the  yolk-sack  is  brought  to  the  embryo  partly 
through  the  umbilical  canal  aod  so  into  the  intestine,  and  partly  by 
means  of  blood-vessels  in  the  mesoblast  of  the  sack.  The  blood- 
vessels arise  before  the  blastoderm  has  completely  covered  the  yolk. 

Fig.  30  A  represents  the  earliest  stf^e  of  the  circulation  of  the 
yolk-sack.  At  this  st^e  there  is  visible  a  single  arterial  trunk  (a) 
passing  forwards  from  the  embryo  and  dividing  into  two  branches. 
No  venous  trunk  could  be  detected  with  the  simple  microscope,  but 
probably  venous  channels  were  present  in  the  thickened  edge  of  the 
blastoderm. 

In  fig.  30  6  the  circulation  is  greatly  advanced.  The  hlastodeim 
has  now  nearly  completely  enveloped  the  yolk,  and  there  remains 
only  a  small  circular  space  {yk)  not  enclosed  by  it.  The  arterial 
trunk  is  present  as  before,  and  divides  in  front  of  the  embryo  into 
two  branches  which  turn  backwards  and  form  a  nearly  complete  ring 
round  the  embryo.  In  general  appearance  this  ring  resembles  the 
sinus  terminalis  of  the  area  vasculosa  of  the  Bird,  but  in  reality  bears 
quite  a  different  relation  to  the  circulation.  It  gives  off  branches  on 
its  inner  side  only. 

A  venous  system  of  returning  vessels  is  now  fully  developed,  and 
its  relations  are  very  remarkable.  There  is  a  main  venous  ring  in 
the  thickened  edge  of  the  blastoderm,  which  is  connected  with  the 
embryo  by  a  single  stem  running  along  the  seam  where  the  edges 
of  the  blastoderm  have  coalesced.  Since  the  venous  trunks  are  only 
developed  behind  the  embryo,  it  is  only  the  posterior  part  of  the' 
arterial  ring  that  gives  off  branches. 

The  succeeding  stage  (fig.  .30  C)  is  also  one  of  considerable  interest. 
The  arterial  ring  has  greatly  e^ctended,  and  now  embraces  nearly  half 
the  yolk,  and  sends  off  trunks  on  it«  inner  side  along  its  whole  cir- 
cumference. More  important  changes  have  takeu  place  in  the  venous 
system.  The  blastoderm  has  now  completely  enveloped  the  yolk,  and 
the  venous  ring  is  therefore  reduced  to  a  point.  The  small  veins 
which  originally  started  from  it  may  be  observed  divei^ng  in  a 
brush-like  fashion  from  the  termination  of  the  unpaired  trunk,  which 
originally  connected  the  venous  ring  with  the  heart. 

At  a  still  later  stage  the  arterial  ring  embraces  the  whole  yolk, 
and,  as  a  result  of  this  vanishes  in  its  turn,  as  did  the  venous  ring 
before  it.  There  is  then  present  a  single  arterial  and  a  single  venous 
trunk.  The  arteritd  trunk  is  a  branch  of  the  dorsal  aorta,  and  the 
venous  trunk  originally  falls  into  the  heart  together  with  the  sub- 
intestinal  or  splanchnic  vein.     On  the  formation  of  the  liver  the 
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proximal  end  of  the  subintestinal  veio  becomes  the  portal  vein,  and 
it  is  joined  just  as  it  enters  the  liver  by  the  venous  trunk  from  the 
yolk-sack.  The  venous  trunk  leaves  the  hoAy  on  the  right  side,  and 
the  arterial  on  the  left. 

The  yolk  sack  persists  during  the  whole  of  embryonic  life,  and  in 
the  majority  of  Elasmubrancb  embryos  there  arises  within  the  body 
walla  an  outgrowth  from  the  unibi  ical  canal  into  which  a  large 
amount  of  tlie  yolk  passes.  This  outgrowth  forms  an  internal  yolk- 
sack.  Iq  Mustelus  vulgaris  the  intenial  yolk-aack  is  very  small,  and 
in  Mustelus  Isevis  it  is  absent.  The  latter  species,  which  is  one  of 
those  in  which  development  takes  place  within  the  uterus,  presents 
a  remarkable  peculiarity  in  that  the  vascular  surface  of  the  yolk-sack 
becomes  raised  into  a  number  of  folds,  which  fit  into  corresponding 
depressions  in  the  vascular  walls  of  the  uterus.  The  yolk-sack 
becomes  in  this  way  firmly  attached  to  the  walls  of  the  uterus,  and 
the  two  together  constitute  a  kind  of  placenta.  A  similar  placenta 
is  found  in  Carcharias. 

After  the  embryo  is  hatched  or  born,  as  the  case  may  be,  the  yolk- 
fack  becomes  rapidly  absorbed. 
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CHAPTER    IV. 
TELEOSTEI. 


The  majority  of  the  Teleostei  deposit  their  eggs  before  impregDa- 
tioD,  but  some  forms  are  viviparous,  e.g.  BlenniuB  vivipanis.  Not  a 
few  carrj  their  eggs  about ;  but  this  operation  is  with  a  few  exceptionB 
performed  by  the  mala  In  Syngoathus  the  e^;a  are  carried  in  a 
brood-pouch  of  the  male  situated  behind  the  ftnuB.  Amongst  the 
Siluroids  the  male  sometimes  carries  the  e^a  in  the  throat  above 
the  gill  clefts.  Oategeniosus  militaris,  Arius  falcarius,  and  Arius 
fissas  have  this  peculiar  habit 

The  ovum  when  laid  is  usually  invested  in  the  zona  radiata  only, 
though  a  vitelline  membrane  is  sometimes  present  id  addition,  e.g. 
in  the  Herring.  It  is  in  most  cases  farmed  of  a  central  yolk 
mass,  which  may  either  be  composed  of  a  single  large  vitelline 
sphere,  or  of  distinct  yolk  spherules.  The  yolk  mass  is  usually 
invested  by  a  granular  protoplasmic  layer,  which  is  especially 
thickened  at  one  pole  to  form  the  germinal  disc. 

In  the  Herring's  ovum  the  germinal  disc  is  formed,  as  in  many 
Crustacea,  at  impregnation ;  the  protoplasm  which  was  previously 
diffused  tbrough  the  egg  becoming  aggregated  at  the  germinal  pole 
and  round  the  periphery. 

Impr^nation  is  external,  and  on  its  occurrence  a  contraction 
of  the  vitellus  takes  place,  so  that  a  space  is  formed  between  the 
vitellus  and  the  zona  ladiata,  which  becomes  filled  with  fluid. 

The  peculiarities  in  the  development  of  the  Teleostean  ovum 
can  best  be  understood  by  regardiug  it  as  an  Elasmobranch  ovum 
very  much  reduced  in  size.  It  seems  in  fact  very  probable  that  the 
Teleostei  aie  in  reality  derived  from  a  type  of  Fish  with  a  much 
Uiger  ovum.  The  occurrence  of  a  meroblastic  segmentation,  in  spite 
of  the  ovum  being  usually  smaller  than  that  of  Amphibia  and  Aci- 
penser,  etc,  in  which  the  segmentation  is  complete,  as  well  as  the  soUd 
origin  of  many  of  the  organs,  receives  its  most  plausible  explanation 
on  this  hypothesis. 

The  proportion  of  the  germinal  disc  to  the  whole  ovum  varies 
conuderM)ly.  In  very  small  eggs,  such  as  those  of  the  Herring,  the 
ucli  a 


disc  may  form  as  mucli  as  a  fifth  of  the  whole. 
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The  segmentation,  which  is  preceded  by  active  movements  of  the 
germinal  disc,  is  meroblaatic.  There  is  nothing  very  special  to  note 
with  reference  to  its  general  features,  but  while  in  large  ova  like 
those  of  the  Salmon  the  first  furrows  only  penetrate  for  a  certain 
depth  through  the  germinal  disc,  in  small  ova  like  those  of  the 
Herring,  they  extend  through  the  whole  thickness  of  the  disc. 
During  the  segmentation  a  great  increase  in  the  bulk  of  the  blas- 
toderm takes  place. 

In  hardened  specimens  a  small  cavity  amongst  the  segmentation 
spheres  may  be  present  at  any  early  stage ;  but  it  is  probably  an  arti- 
ficial product,  and  in  any  case  has  nothing  to  do  with  the  true 
segmentation  cavity,  which  does  not  appear  till  near  the  close  of 
segmentation.  The  peripheral  layer  of  granular  matter,  continuous 
with  the  germinal  disc,  does  not  undergo  division,  but  it  becomes 
during  the  segmentation  specially  thickened  and  then  spreads  itself 
under  the  edge  of  the  blastoderm ;  and,  while  remaining  thicker  in 
this  region,  gradually  grows  inwards  so  as  to  form  a  continuous  sub- 
blastodemiic  layer.  In  this  layer  nuclei  appear,  which  are  equivalent 
to  those  in  the  Elasmobranch  ovum.  A  considerable  number  of 
these  nuclei  often  become  visible  simultaneously  (van  Beneden, 
No.  60)  and  they  are  usually  believed  to  arise  spontaneously,  though 
this  is  still  doubtful'.  Around  these  nuclei  portions  of  protoplasm 
are  segmented  off,  and  cells  are  thus  formed,  which  enter  the  blasto- 
derm, and  have  nearly  the  same  destination  as  the  homologous  cells 
of  the  Elasmobranch  ovum. 

Durii^  the  later  stages  of  segmentation  one  end  of  the  blastoderm 
becomes  thickened  and  forms  the  embryonic  swelling ;  and  a  cavity 
appears  between  the  blastoderm  and  the  yolk  which  is  excentrically 
situated  near  the  non-emhryoiiic  part  of  the  blastoderm.  This  cavity 
is  the  true  segmentation  cavity.  Both  the  cavity  and  the  embryonic 
swelling  are  seen  in  section  in  fig.  31  A  and  B. 

In  Iieucisous  nitilua  Bambeke  describes  s  cavity  as  appearing  in  the 
middle  of  tlie  blastoderm  duving  the  later  stages  of  eegmentation.  ¥1*001 
.  lib  figures  it  might  be  sujipoaed  that  this  cavity  was  equivalent  to  the 
Begnientation  cavity  of  Elasmobraucha  in  itd  eariie&t  condition,  biit  Bam- 
beke  atates  that  it  disapjieai-s  and  that  it  has  no  conneetion  with  the  true 
aeg mentation  cavity.  Bambeke  and  other  investigators  have  &iled  to 
recognize  the  homology  of  the  segmentation  cavity  in  Teleostei  with  that 
in  Elasmobranchii,  Amphibia,  etc. 

With  the  appearance  of  the  segmentation  cavity  the  portion  of 
the  blastoderm  which  forms  its  roof  becomes  thinned  out,  so  that 
the  whole  blastoderm  consists  of  (1)  a  thickened  edge  especially 
prominent  at  one  point  where  it  forms  the  embryonic  swelling,  and 
(2)  a  thinner  central  portion.  The  changes  which  now  take  place 
result  in  the  differentiation  of  the  embryonic  layers,  and  in  the  rapid 

1  Vide  Vol.  1,  p,  HO. 
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extensioii   of  the   blastodenn   round    the   yolk,   accompanied  by  a 
diminution  in  ita  thickness. 


Via.  SI.    LoNoiT 

TtlODT  AT   i 

A.  at  the  olo«e  of  the  aegmentBtioD;  B.  otter  the  diSemitiatiot)  of  the  germinal  lajera. 
ep'.  epidennialaTer  of  the  epiblast;   te.  Begmentatioii  cavit;. 

The  first  differentiation  of  the  layers  consists  in  a  single  row 
of  cells  on  the  surface  of  the  blastoderm  becoming  distinctly  marked 
off  as  a  special  layer  (fig.  31  A] ;  which  however  does  not  constitute 
tbe  whole  epiblast  but  only  a  small  part  of  it  which  will  be  spoken 
of  as  the  epidermic  layer.  The  complete  differentiation  of  the 
epiblast  is  effected  by  the  cells  of  the  thickened  edge  of  the  blasto- 
derm becoming  divided  into  two  strata  {fig.  31  B).  The  upper 
stratum  constitutes  the  epiblast.  It  is  divided  into  two  layers,  viz., 
the  external  epidermic  layer  already  mentioned,  and  an  internal  layer 
known  as  the  nervous  layer,  formed  of  several  rows  of  vertically 
arranged  cells.  According  to  the  unanimous  testimony  of  investi- 
gators the  roof  of  the  segmentation  cavity  is  formed  of  epiblast  cells 
only.  The  lower  stratum  in  the  thickened  rim  of  the  blastc^-"Tii 
is  several  rows  of  cells  deep,  and  corresponds  with  the  lower  liyer 
cells  or  primitive  hypoblast  in  Elasmobranchii.  It  is  continuous  at 
the  edge  of  the  blastoderm  with  the  nervous  layer  of  the  epiblast. 

In  smaller  Teleoatean  eggs  there  is  formed,  before  the  blastoderm 
becomes  differentiated  into  epiblast  and  lower  layer  cells,  a  com- 
plete stratum  of  cells  around  the  nuclei  in  tbe  granular  layer  under- 
neath the  blastoderm.  This  layer  is  the  hypoblast ;  and  in  these 
forms  the  lower  layer  cells  of  the  blastoderm  are  stated  to  become 
converted  into  mesoblast  only.  In  the  larger  Teleostean  eggs  such  as 
those  of  the  Salmonidie,  the  hypoblast,  as  in  Elasmobrancns,  appears 
to  be  only  partially  formed  from  the  nuclei  of  the  granular  layer. 
In  these  forms  however,  as  in  the  smaller  Teleostean  ova  and  in 
Elasmobranchii,  the  cells  derived  from  the  granular  stratum  give  rise 
to  a  more  or  less  complete  cellular  floor  for  tbe  su^entation  cavity. 
The  segmentation  cavity  thus  becomes  enclosed  between  an  hypo- 
blastic  floor  and  an  epiblastic  roof  several  cells  deep.  It  becomes 
obliterated  shortly  after  the  appearance  of  the  medullary  plate. 
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At  about  the  time  when  the  three  layers  become  established  the 
embryonic  awelliog  takes  a  somewhat  shield-like  form  (fig.  S3  A). 
Posteriorly  it  terminates  in  a  caudal  prominence  (to)  homologous 
with  the  pair  of  caudal  swellings  in  Elasmobranchs.  The  homologue 
i)f  the  medullary  groove  very  soon  appears  as  a  shallow  groove  along 
the  axial  line  of  the  shield.  After  these  changes  there  takes  place 
in  the  embryonic  layers  a  series  of  differentiations  leading  to  the 
establishment  of  the  definite  organs.  These  changes  are  much  more 
ilifficult  to  follow  in  the  Teleoetei  than  in  the  Elasmobr&nchii,  owing 
partly  to  the  similarity  of  the  cells  of  the  various  layers,  and  partly 
to  the  primitive  solidity  of  all  the  organs. 

The  first  changes  in  the  epiblast  give  rise  to  the  central  nervous 
system.  The  epimast,  connsting  cX  the  nervous  and  epidermic  strata 
already  indicated,  becomes  thickened  along  the  axis  of  the  embryo 
and  forms  a  keel  projecting  towards  the  yolk  below :  so  great  is  the 
size  of  this  keel  in  the  front  part  of  tbe  embryo  that  it  influences 
the  form  of  the  whole  body  and  causes  the  outline  of  the  surface 
adjoining  the  yolk  to  form  a  strong  ridge  moulded  on  the  "keel  of  the 
epiblast  (%.  :)2  A  aioA  B).  Along  the  dorsal  line  of  the  epiblast 
keel  is  placed  the  fallow  medullaiT  groove ;  and  according  to 
Calberhk  (No.  6i)  the  keel  is  formed  by  the  folding  together  of 
tbe  two  sides  of  the  primitively  uniform  epiblastic  layer.  The  keel 
becomes  gradually  constricted  olf  from  the  esteiiial  epiblast  and 
then  forms  a  solid  cord  below  it.  Subsequently  there  appears  in 
this  cord  a  median  slit-like  canal,  nhich  forms  the  permanent  central 
canal  of  the  cerebrospinal  cord.  The  peculiarity  in  the  formation 
of  the  central  nervous  system  of  Teleostei  consists  in  the  Eact  that 
it  is  not  formed  by  the  folding  over  of  the  sides  of  the  medullary 
groove  into  a  canal,  but  by  the  separation,  below  the  medullary 
groove,  of  a  solid  cord  of  epiblast  in  which  the  central  canal 
^^sjibaequently  formed.  Various  views  have  been  put  forward  to 
explaii^.the  apparently  startling  difference  between  Teleostei,  with 
which  Lepidosteus  and  Petromyzon  agree,  and  otlier  vertebrate 
forms.  TiK  exf^anations  of  G&tte  and  Calberla  appear  to  me  to 
contain  between  them  the  truth  in  this  matter.  The  groove  above 
in  part  represents  the  medullary  groove ;  but  tbe  closure  of  the 
groove  is  represented  by  the  folding  together  irf  tbe  lateral  parts  of 
the  epiblast  plate  to  form  the  meduUary  keel 

According  to  Qiitte  this  is  the  whole  e^lanation,  but  Oulberla  states 
for  SyDgnathns  and  Salmo  thai  the  epidermic  layer  of  the  epiblast  is 
carried  down  into  the  keel  as  a  double  layer  jtist  as  if  it  had  been  really 
folded  in.  This  mgrowth  of  the  epidermic  layer  is  shewn  in  fig.  32  A 
where  it  ii  just  commencing  to  pass  into  tbe  keel ;  and  at  a  )&t«r  stage 
in  fig.  32  B  where  the  keel  hss  reached  its  greatest  depth. 

Obtte  maintains  that  Calberla's  statements  are  not  to  be  trusted,  and 
I  have  myself  been  unable  to  confirm  them  for  TeleoHt«i  or  Lepidosteus ; 
but  if  they  could  be  aooqited  the  difference  in  the  formation  of  the 
medullary  oanal   in   Teleoetei   and   in   other   Yertebrata   would    become 
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nllogelher  unimportant  and  consUt  simply  in  the  &ct  that  the  ordmiu-y 
open  mMlullar;  groove  i*  in  Teleostei  obliterated  in  its  inner  part  by  tlie 
two  sides  of  the  groove  coming  together.  Both  layers  of  epil'ta-it  would 
thus  have  a  share  in  the  formation  of  the  centra)  nervous  syetem ;  the 
epidermic  layer  giving  rise  to  the  lining  epithelial  cells  of  the  central 
canal,  and  the  nervous  layer  to  the  true  nervous  tinsue. 

The  separation  of  the  solid   nervous  system  from   the  epiblast 
tikes  place  relatively  very  late ;  and,  before  it  has  been  completed, 
the  first  traces  of  the  auditory   pits,  of  the  optic  vesicles,  and   of 
the  ol&ctory  pits   are  visible.     The  auditory  pit  arises  aa  a  solid 
thickening  of  the  nervous  layer 
of  the  epiblast  at  its  point  of 
junction  with  the  medullary 
keel;   and  the  optic  vesicles 
spring    as    solid    outgrowths 
from  part  of  the  keel  itself. 
The  olfactory  pits  are  barely 
indicated  as  thickenings  of  the 
nervous  layer  of  the  epiblast. 

At  this  early  stage  all  the 
organs  of  special  seutie  are  at- 
tached to  a  layer  continuous 
with  or  forming  part  of  the 
central  nervous  system ;  and 
this  fact  has  led  Gotte  (No.  65)  to 
speak  of  a  special-sense  plate, 
belonging  to  the  central  nervous 
system  and  not  to  the  skin,  from 
which  all  tlje  organs  of  special 
sense  are  developed  ;  nnd  to  con- 
clude that  a  serial  homology 
ezista  between  these  organs  in 
their  development.  A  compari- 
son between  Teleostei  and  other 
forms  shews  that  this  view  can- 
not be  upheld ;  even  in  Teleostei 
the  auditory  and  olfactory  rudi- 
ments arise  rather  from  the 
epiblast  at  the  sides  of  the  brain 
than  from  the  brain  itself,  while 
the  optic  vesicles  spring  from 
the  first  directly  from  the  me- 
dullary keel,  and  are  therefore 
connected  with  the  central  ner- 
vous system  rather  than  with  tlie 
external  epiblast.  In  a  slightly  cora; 
later  stage  the  different  connec-  notocbord. 
tions  of  the  two  seta  of  sense 
organs  is  conclusively  shewn  by  the  fact  that,  on  the  separation  of  tlie 
i«ntral  nervous  system  from  the  epiblast,  the  optic  veeicle«  remain  attached 


Fio.  S3.   Two  TiuNEVBiiai  ■bctioi'*  or  &ik. 
(Alter  Calberla.) 

A.  Younger  stage  before  the  definite  es- 
tablishment of  the  notoehord. 

B.  Older  stage. 

The  epdermie  ht}'er  of  the  epiblast  is  rs- 
pieMnted  in  blaok. 

if.  epidermie  la^er  of  e^bUit;  me.  neural 
lijpoblaat;    tut,    mesobbst;    eh. 
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to  the  former,  while  the  auditoty  kdA  ol&ctor;  vesiclee  are  continuous  with 
the  latter. 

After  its  separation  from  the  central  nervous  syatem  the  remainder 
of  the  epiblast  gives  rise  to  the  skin,  etc.,  and  most  probably  the 
epidermic  stratum  develops  into  the  outer  layer  of  the  epidermis  and 
the  nervous  stratum  into  the  mucous  layer.  The  parte  of  the  organs 
of  Bpecial  sense,  which  arise  from  the  epiblast,  are  developed  from 
the  nervous  layer.  In  the  Trout  (Oellacher,  No.  72)  both  hiyers  are 
continued  over  the  yolk-sack ;  but  in  Clupeua  and  Gasterosteus  only 
the  epidermic  has  this  extension.  According  to  Gtitte  the  distinc- 
tion between  the  two  layers  becomes  lost  in  the  later  embryonic 
stages. 

Although  it  is  thoroughly  established  that  the  mesoblast  ori- 
ginates from  the  lower  of  the  two  layers  of  the  thickened  embryonic 
rim,  it  is  nevertheless  not  quite  certain  whether  it  is  a  continuous 
layer  between  the  epiblast  and  hypoblast,  or  whether  it  forms  two 
lateral  masses  as  in  Elasmobranchs.  The  majority  of  observers  take 
the  former  view,  while  Calberla  is  inclined  to  adopt  the  latter. 
In  the  median  line  of  the  embryo  underneath  the  medullary  groove 
there  are  undoubtedly  from  the  first  certain  cells  which  eventually 
give  rise  to  the  notochord ;  and  it  is  these  ceils  the  nature  of  which 
is  in  doubt.  They  are  certainly  at  first  very  indistinctly  separated 
from  the  meaoblast  on  the  two  sides,  and  Calberla  also  finds  that 
there  is  no  sharp  line  separating  them  from  the  secondary  hypoblast 
(fig.  32  A).  Whatever  may  be  the  origin  of  the  notochord  the 
mesoblast  very  soon  forms  two  lateral  plates,  one  on  each  side  of 
the  body,  and  between  them  is  placed  the  notochord  (fig.  32  B). 
The  general  &ite  of  the  two  mesoblast  plates  is  the  same  as  in  Elas- 
mobranchs. They  are  at  first  quite  solid  and  exhibit  relatively  late 
s  division  into  splanchnic  and   somatic  layers,  between  which   is 

E laced  the  primitive  body  cavity.  The  dorsal  part  of  the  plates 
ecomes  transversely  segmented  in  the  region  of  the  trunk ;  and  thus 
gives  rise  to  the  mesoblastic  somites,  from  which  the  muscle  plates 
_„£S^  the  perichordal  paiiis  of  the  vertebral  column  are  developed.  The 
ventral  or  outer  part  remains  unsegmented.  The  cavity  of  the  ventral 
section  becomes  the  permanent  body  cavity.  It  is  continued  forward 
into  the  head  (Oellacherj,  and  part  of  it  becomes  separated  ofT 
from  the  remainder  aa  the  pericardial  cavity. 

The  hypoblast  forms  a  continuous  layer  below  the  mesoblast,  and, 
in  harmony  with  the  generally  confined  character  of  the  development 
of  the  oi^ns  in  Teleostei,  there  is  no  space  left  between  it  and  the 
yolk  to  represent  the  primitive  alimentary  cavity.  The  details  of  the 
formation  of  the  true  alimentary  tube  have  not  been  made  out ;  it  is 
not  however  formed  by  a  folding  in  of  the  lateral  parts  of  the  hypo- 
blast, but  arises  aa  a  solid  or  nearly  solid  cord  in  the  axial  line, 
between  the  notochord  and  the  yolk,  in  which  a  lumen  is  gradually 
established. 
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In  the  joat  hatcbed  larva  of  an  undetermined  fresh-water  fiih  «ith  a 
very  imtdl  yolk-eack  I  fouud  that  the  yolk  extended  along  the  ventral 
side  of  the  embryo  from  almost  the  mouth  to  the  end  of  the  gut.  The  gut 
had,  except  in  the  hinder  part,  the  form  of  a  solid  cord  resting  in  a  con- 
cavity of  the  yolk.  In  iha  hinder  part  of  the  gut  a  lumen  was  present, 
and  below  thin  part  the  amount  of  yolk  was  small  and  the  yolk  nuclei 
numerous.  Near  the  limit  of  its  posterior  extension  the  yolk  broke  up  into 
a  masa  of  cells,  aud  the  gut  ended  behind  by  falling  into  this  mass.  These 
incomplete  observations  appear  to  shew  that  the  solid  gut  owes  its  origin 
in  a  lai^  measure  to  nuclei  derived  from  the  yolk. 

When  the  yolk  has  hecome  completely  enveloped  a  postanal 
section  of  gut  undoubtedly  becomes  formed;  and  although,  owing 
to  the  solid  condition  of  the  central  nervous  system,  a  communication 
between  the  neural  and  alimentary  canals  cannot  at  first  take  place, 
yet  the  terminal  vesicle  of  the  postanal  gut  of  Elasmobranchii  is  repre- 
sented by  a  large  vesicle,  originally  discovered  by  Kupffer  (No.  68), 
which  can  easily  be  seen  in  the  embryos  of  most  Teleostei,  but  the 
relations  of  which  have  not  been  satisfactorily  worked  out  (jfide  fig. 
34,  hyv).  As  the  tail  end  of  the  embryo  becomes  separated  off  from 
the  yolk  the  postanal  vesicle  atrophies. 

Qfflieral  development  of  the  Embrro.  Attention  has  already 
been  called  to  the  fact  that  the  embryo  first  appeara  as  a  thickening 
of  the  edge  of  the  blastoderm  which  soon  assumes  a  somewhat  shield- 
like form  (fig.  33  A).  The  hinder  end  of  the  embryo,  which  is  placed 
at  the  edge  of  the  blastoderm,  is  somewhat  prominent,  and  forms  the 
caudal  swelling  {U).  The  axis  of  the  embryo  is  msj-ked  by  a  shallow 
groove. 

The  body  now  rapidly  elongates,  and  at  the  same  time  becomes 


Fid.  SS.    ToKKB  gtkatA  m  thx  DBTKLopimra  or  tbk  Sauio^.    (After  His.) 
t>.  teil-nrelling;    au.v.  anditoiy  vesiole ;    oe.  optic  vesicle ;    ce.  oerebralmdimeDt; 


tnJt.  mid-bnin;  cb.  oerebcllam;  tnd.  madnlla  oblongata; 
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considerably  narrower,  while  tbe  groove  along  the  axis  becumes  shal- 
lower and  disappears.  Tbe  anterior,  and  at  first  proportionately  a 
very  laise  part,  soon  becomes  disticguisbed  as  the  cephalic  regiou 
(fig.  33  B).  The  medullary  cord  in  this  region  becomes  very  early 
divided  into  three  indistinctly  separated  iobea,  representing  the  fore, 
the  mid,  and  the  hind  brains :  of  these  the  anterior  is  the  smallest. 
With  it  are  connected  the  optic  vesicles  {oc", — solid  at  tirst — which 
are  pushed  hack  into  the  region  of  the  mid-brain. 

The  trunk  grows  in  the  usual  T^ay  by  tbe  addition  of  fresh  somites 
behind. 

After  tbe  yolk  has  become  completely  enveloped  by  tbe  blastoderm 
the  tail  becomes  folded  off,  and  the  same  process  takes  place  at  tbe 
front  end  of  the  embryo.  The  free  tail  end  of  the  embryo  continueri 
to  grow,  remaining  however  closely  applied  to  the  yolk-sack,  round 
which  it  curls  itself  to  an  extent  vaiying  with  the  species  {yid^ 
fig.  34). 

The  general  growth  of  the  embryo  during  tbe  later  stages  pre- 
sents a  few  special  features  of  interest. 
Tbe  head  is  remarkable  for  the  small 
apparent  amount  of  the  cranial  tiexure. 
This  is  probably  due  to  the  late  de- 
velopment of  tbe  cerebral  hemispheres. 
The  flexure  of  tbe  floor  of  tba  brain 
is  however  quite  as  considerable  in 
the  Teleostei  as  in  other  types.  Tho 
gill  clefts  develop  fr^ra  before  back- 
wanls.  The  lirst  cleft  is  the  byonian- 
dibular,  and  behind  this  there  are  the 
hyobranchial  and  fonr  branchial  clefts. 
Simultaneously  with  the  clefts  there 
are  developed  the  branchial  arche?. 
The  postoral  arches  formed  are  tbe 
mandibular,  hyold  and  iive  branchial 
arches.  In  the  case  of  the  Salmon  idl 
of  these  appear  before  hatching. 

The  first  cleft  closes  up  very  early  (about  the  time  of  hatching  in 
the  Salmon) ;  and  about  the  same  time  there  springs  a  membranous 
fold  from  the  hyoid  arch,  which  gradually  grows  btujkwards  over  the 
arches  following,  and  gives  rise  to  the  operculum.  There  appear 
in  the  Salmon  shortly  before  hatching  double  rows  of  papilla)  on 
tbe  four  anterior  arches  behind  the  byoid,  Tbey  are  the  rudiments 
of  the  IminchiiB.  They  reach  a  considerable  length  before  they 
are  covered  in  by  the  opercular  membrane.  In  Cobitis  (Gotte, 
No.  64)  they  appear  in  young  larva!  aS  filiform  processes  equivalent 
to  the  external  gills  of  Elasmobranehs.  Tbe  extremities  of  theso 
processes  atrophy;  while  the  basal  portions  become  the  permanent 
gill  lamellee.  The  general  relation  of  tbe  clefts,  after  tbe  closure  of 
the  byomandibular,  is  shewn  in  fig.  35. 
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The  air-bladder  is  formed  as  a  dorsal  out.growtfa  of  the  alimentanr  tract 


It  grows  ia  between  the  two  limbs  of 


FlO.  SS.      DUOBIXIUIIC  VIEW  OF  IBB  BEID 
kS   E>BRIO    TeLEOSTEAX.    WITH   TBS    PBIHI- 

■  vABcuiJB  TBCHiB.     (From  Gegenbsiir.) 

a.   snriele;    r,   ventricle;    abr.   branehUl 

BTteij;  c*.  carotid;    art.   aorta;    (.  braachini 
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very  slightly  in  froiit  of  the  liver, 
the  meeentery,  in  which  it  ex- 
tends iteelf  backwards.  It  ap- 
pears in  the  Salmon,  Carp,  and 
other  types  to  originate  rather 
on  the  right  side  of  the  median 
dorsal  line,  but  whether  this  fact 
has  any  special  significance  is 
rather  doubtful.  In  the  Salmon 
aud  Trout  it  is  formed  considt  r- 
ably  later  than  the  liver,  but  the 
two  are  stated  by  Yon  Baer  to 
arise  in  the  Carp  nearly  at  the 
same  tijiie.  The  absence  of  a  pneu- 
matic duct  in  the  Pbysoclisti  is 
due  to  a  post-larval  atruphy.  The  elefts'tr 
region  of  the  stomach  is  reduced  n.  naasl  ptc. 
almost  to  nothing  iu  the  larva. 

The  cBSophagus  becomes  solid,  like  that  of  Elasmobranchs,  and  remidns 
BO  for  a  ounsideiable  period  after  hatching. 

The  liver,  in  the  earliest  stage  in  which  I  have  met  with  it  in  die 
Trout  (27  days  after  impregnation),  is  a  solid  venti-al  diverticulum  of  thu 
intestine,  which  in  the  region  of  the  liver  is  it«elf  without  a  lumen. 

The  excretory  system  commences  with  the  formation  of  a  st^;mentiil 
duct,  formed  by  a  constriction  of  the  parietal  wall  of  the  peritoneal  cavity. 
The  anterior  end  remains  open  to  the  body  cavity,  and  forme  a  pronephros 
(head  kidney).  On  the  inner  side  of  and  opposite  this  opening  a  glomerulus 
IS  developed,  and  the  part  of  the  body  cavity  containing  both  the  glomerulus 
and  the  opening  of  the  pronephros  becomes  shut  off  from  the  remuinder 
of  the  body  cavity,  and  forms  a  complete!;  dosed  Malpighian  capsule. 

The  mesonephros  (Wolffian  body)  is  late  in  developing. 

The  unpaired  fias  arise  as  simple  folds  of  the  skin  along  the 
dorsal  and  veotral  edges,  continuous  with  each  other  round  the 
end  of  the  tail.     The  ventral  fold  ends  anteriorly  at  the  anus. 

The  dorsal  and  anal  fins  are  developed  from  this  fold  by  local  hyper- 
trophy. The  caudal  Gn',  however,  undergoes  a  more  complicated 
metamori^oeis.  It  is  at  first  symmetrical  or  nearly  so  on  the  dorsal 
and  ventral  sides  of  the  hinder  end  of  the  notochord.  This  symmetry 
13  not  long  retained,  but  very  soon  the  ventral  part  of  the  fin  with 
its  fin  rays  becomes  much  more  developed  than  the  dorsal  part,  and 
at  the  same  time  the  posterior  part  of  the  notochord  bends  iip  towards 
the  dorsal  side. 

In  some  few  cases,  e.g.  Gadus,  Salmo,  owing  to  the  simultaneous 
appearance  of  a  number  of  fin  rays  on  the  doraal  and  ventral  side  of 
the  notochord  the  external  symmetry  of  the  tail  is  not  interfered 
with  in  the  above  processes.  In  most  instances  this  is  fiir  from 
being  the  case. 
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Id  the  Flounder,  which  may  serve  as  a  type,  the  primitive  sym- 
metry is  veiy  soon  destroyed  by  the  appearance  of  fin  rays  on  the 
ventral  side.  The  region  where  they  are  present  soon  forms  a  lobe ; 
and  an  externally  heterocercal  tail  is  produced  (fig.  36  A).  The 
ventral  lobe  with  its  rays  continues  to  grow  more  prominent  and 
causes  the  tail  fin  to  become  bilobed  (fig.  36  B);  there  being  a  dorsal 
embryonic  lobe  without  fin  rays  (c),  which  contwns  the  notochord,  and 
a  ventral  lobe  with  fin  rays,  which  will  form  the  permanent  caudal  fitL 
In  this  condition  the  tail  fin  resembles  the  usual  Elasmobranch 
form  or  still  more  -that  of  some 
Ganoids,  e.g.  the  Sturgeon.  The 
ventral  lobe  continues  to  develop ; 
and  soon  projects  beyond  the  dorsal, 
which  gradually  atrophies  together 
with  the  notochord  contained  in  it, 
and  finallydisappears  leaving  hardly 
a  trace  on  the  dorsal  side  of  the 
tail  (fig.  36  C,  c).  In  the  mean- 
time the  fin  rays  of  the  ventral 
lobe  gradually  become  parallel  to 
the  axis  of  the  body ;  and  this  lobe, 
together  with  a  few  accessory  dorsal 
and  ventml  fin  rays  supported  by 
neural  and  bcemal  processes,  forms 
the  permanent  tail  fin,  which  though 
internally  unsymmetrical,  assumes 
an  eztcmally  symmetrical  form. 
The  upturned  end  of  the  notochord 
which  was  originally  continued  into 
the  primitive  dorsal  lobe  becomes 
ensbeathed  in  a  bone  without  a 
division  into  separate  vertebrts. 
Thisboneforras  the  urostyle(K).  The 
hiemal  processes  belonging  to  it  are 
represented  by  two  cartilaginous 
masses,  which  subsequently  ossify, 
forming  the  hypural  bones,  and 
supporting  the  primary  fin  rays  of 
the  tail  (fig.  36  C).  The  ultimate 
changes  of  the  notochord  and  uro- 
style  vary  very  considerably  in  the 
different  types  of  Teleostei.  Tele- 
ostei  may  fairly  be  described  as 
passing  through  an  Elasmobranch' 
Btj'le.  stage  or  a  stage  like  that  of  most 

pre-jurassic  Ganoids  or  the  Stur- 
geon as  far  as  concerns  their  caudal  fin. 

The  auterior  paired  fins  arise  before  the  posterior ;  and  there  do 


Fio.  S6.    Thkbb  buoeh  in  thb  dk- 

TELOFKENT  OT  THE  TUL  OT  TKB  FlyOUHDIB 

(Fleqbohecteb).    (After  Agnesiz.) 

A.  Stage  in  vhioh  the  permanent 
caudal  fin  has  commenced  to  be  visible 
BE  ui  enlargement  of  the  Teotral  side  of 
the  embryonio  caudal  fin. 

B.  Ganoid'like  stage  in  vhioh  there 
is  a  true  external  beterooercal  tail. 

0.  Stage  in  which  the  embryonie 
caadal  flu  hM  almost  completely  atro- 
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not  appear  to  be  auy  such  indications  as  in  Elasmobrancbii  of  the 
paired  fins  arising  as  parts  of  a  continuous  lateral  fin. 

Most  OBaeouB  fishes  pass  through  more  or  less  considerable  pOBt-em- 
bryotiic  changeH,  the  most  remarkatile  of  which  are  those  undergone  by  the 
Pleuronectidn '.  These  fishes,  which  in  the  adidt  state  have  the  eyes 
nnsynuQetrically  placed  on  one  side  of  the  head,  leave  the  egg  like  normal 
TeleoeteL  In  the  majority  of  cases  as  they  become  older  the  eye  on  the 
side,  which  in  the  adult  is  without  an  eye,  travels  a  little  forwai'd  and 
then  gradually  rotatee  over  the  dorsal  side  of  the  head,  till  finally  it  comes 
to  lie  OD  the  same  side  as  the  other  eye.  During  this  process  the  rotating 
eye  always  reDiains  at  the  surface  and  continues  functional ;  and  on  the 
two  eyes  coming  to  the  same  side  of  the  head  the  Bide  of  the  body  without 
an  organ  of  vision  loses  its  pigment  cells,  and  becomes  colourless. 

The  difl^  fin,  after  the  rotation  of  the  eye,  grows  forward  beyond 
the  level  of  the  eyes.  In  the  genus  Flagusia(Steen8trup,  Agassis,  No.  56)  the 
dorsal  fin  grows  forward  before  the  rotation  of  the  eye  {the  right  eye  in 
this  form),  and  causes  some  modifications  in  the  process.  The  eye  in 
travelling  round  gradually  sinks  into  the  tissues  of  the  head,  at  the  base 
of  the  fin  above  the  frontal  bone ;  and  in  this  process  the  original  large 
opening  of  the  orbit  becomes  much  reduced.  Soon  a  fresh  opening  oa 
the  opposite  and  left  side  of  the  dorsal  fin  is  formed ;  so  that  the  orbit  has 
two  external  openings  one  on  the  left  and  one  on  the  right  side.  The 
original  one  on  the  right  soon  atrophies,  and  the  eye  passes  through  the 
tissues  at  the  base  of  the  dorsal  fin  completely  to  the  left  side. 

The  rotating  eye  may  be  either  the  right  or  the  left  according  to  the 
species. 

The  most  remarkable  feature  in  which  the  young  of  a  large  number  of 
Teleostei  difier  from  the  adults  is  the  possession  of  provisional  spines,  very 
often  formed  as  osseous  spinous  projections  the  sgiaces  between  which 
become  filled  up  in  the  adult.  These  processes  are  probably,  as  suggested 
by  OUuther,  secondary  developments  acquired,  like  the  Zocea  spines  of 
larval  Crustaceans,  for  purposes  of  defence. 

The  yolk-sack  variea  greatly  in  size  in  the  dilTcrent  types  of 
Teleostei. 

According  as  it  is  enclosed  within  the  body-wall,  or  forms  a  distinct 
ventral  appendage,  it  ia  spoken  of  by  Yon  Baer  as  an  internal  or  external 
yolk-sack.  By  Von  Baer  the  yolk-sack  is  stated  to  remain  in  communica- 
tion with  the  intestine  immediately  behind  the  liver,  while  Lereboullet 
states  that  there  is  a  vitelline  pedicle  opening  between  the  stomach  and 
the  liver  which  persists  till  the  absorption  of  the  yolk-saok.  My  own 
observations  do  not  fully  confirm  either  of  these  statementa  for  the  Salmon 
and  Trout.  80  hn  as  I  have  betn  able  to  make  out,  all  communication 
between  the  yidk-sack  and  the  alimentary  tract  is  completely  obliterated 
very  early.  In  the  Trout  the  communication  between  the  two  is  shut  off 
before  hatching,  and  in  the  just-hatched  Salmon  I  can  find  no  trace  of  any 
vitelline  pedicle.  Ihe  absorption  of  the  yolk  would  seem  therefore  to  be 
~    '   i  entirely  by  blood-vessels. 

■  Vide  Agasuz  (So.  56)  and  Stsenitrnp,  U«Jni. 
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The  yolk-sack  persists  long  after  hatching,  and  is  gradually 
absorbed.  There  is  during  the  st^es  either  just  before  hatching  or 
shortly  subsequent  to  hatching  (Cyprinus)  a  rich  vascular  develop- 
ment in  the  mesoblast  of  the  yolk-sack.  The  blood  is  at  first  con- 
tained in  lacunar  spaces,  but  subseq'jently  it  becomes  confined  to 
defioite  channels.  As  to  its  exact  relations  to  the  vascular  system 
of  the  embryo  more  observations  seem  to  be  required. 

The  following  Eiccount  is  given  by  Sathke  (No.  72*)  and  Lerebonllet 
(No.  71).  At  first  a  Biibintestinal  vein  (vide  chapter  on  Circulation)  feUs 
into  the  lacunn  of  the  yolk-sack,  and  the  blood  irom  these  is  brought  back 
direct  to  the  heart.  At  a  later  period,  when  the  liver  ia  developed,  the 
Hubintestinal  vessel  brraka  up  into  capillariea  in  the  liver,  thence  passes 
into  the  yolk-sack,  and  from  tbia  to  the  heart  An  artery  arising  from 
the  aorta  penetrates  the  liver,  and  there  breaks  up  into  capillaries  con- 
tinuous with  those  of  the  yolk-sack.  This  vessel  is  perhaps  the  equiva- 
lent of  the  artery  which  supplies  the  yolk-sack  in  Ekamobranchii,  but  it 
seems  possible  that  there  is  some  error  in  the  above  description. 
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CHAPTER  V. 


CYCLOSTOMATA'. 


Petromtzon  is  the  only  type  of  this  degenerated  hut  primitive 
group  of  Fishes  the  development  of  which  has  been  as  yet  studied '. 

The  development  does  not  however  throw  any  light  on  the  rela- 
tionships of  the  group.  The  similarity  of  the  mouth  and  other  parts 
of  Petromyzim  to  those  of  the  Tadpole  probably  indicates  that 
there  existed  a  common  ancestral  form  for  the  Cyclostomata  and 
Amphibia.  Embryology  dnes  not  however  add  anything  to  the  anato- 
mical evidence  on  this  subject.  The  fact  of  the  segmentation  being 
complete  was  at  one  time  supposed  to  indicate  an  affinity  between 
the  two  groups ;  but  the  discovery  that  the  segmentation  is  also  com- 
plete in  the  Ganoids  deprives  this  feature  in  the  development  of  any 
special  weight.  In  the  formation  of  the  layers  and  in  most  other 
developmental  chai-acters  there  is  nothing  to  imply  a  special  relation- 
ship with  the  Amphibia,  and  in  the  mode  of  formation  of  the  nervous 
system  Petromyzon  exhibits  a  peculiar  modification,  otherwise  only 
known  to  occur  in  Teleostei  and  Lepidosteus. 

Dohrn'  was  the  fii-st  to  bring  into  prominence  the  degenerate  character 
of  the  Cyclostomata.  I  cannot  however  assent  to  his  view  that  they  are 
descended  from  a  relatively  highly-organized  type  of  Fish.  It  appears  to 
me  almost  certain  that  they  belong  to  a  group  of  fishes  in  which  a  true 
skeleton  of  branchial  bars  had  not  become  dcTeloped,  the  branchial  skele- 

'  The  following  cl&wification  of  the  Cjcl<wtoiaftt4  is  employed  in  the  present 

chapter  : 

!■  Hyperoartia  ei-  Petromyzon, 
H-  Hyperotreta  o.  Myiine,  BilelloBtoma. 
*  The  present  cliapter  in  in  the  mftin  founded  upon  obserrationB  which  I  naa  able  to 
mnko  in  the  apririB  of  18H0  upon  the  developmeDt  of  Petromyzon  Plaueri.  Mr  Soott 
very  kindly  looked  over  my  proof-sbeetB  uid  loaile  a  number  of  valuable  BURftestions, 
aai  alBO  sent  me  an  earlj  cop;  of  his  preliminary  note  (No.  87),  which  I  have  been 
able  to  make  use  of  in  correcting  my  pioot-Bbeets. 

'  Dtr  Vnprung  d.  K'irbrltkitre,  etc.    Leipzig,  1875. 


jiGoogle 


CYCLOSTOMATA,  69 

ton  thf;y  posaesH  being  eimpty  on  extra-branchial  system ;  while  I  see  no 
reason  to  suppose  that  a  true  branchial  skeleton  hag  disappeared.     If  the 

Cuitive  Cycloatomata  had  not  true  branchial  bars,  they  could  not  have 
jaws,  because  jawH  are  essentially  developed  fi-om  the  mandibnlar 
brancbial  bar.  These  considerations,  which  ai'o  sup|>oi'ted  by  numerous 
other  features  of  their  anatomy,  such  as  the  character  of  the  axial  skeleton, 
the  straightnesa  of  the  intestinal  tube,  the  presence  of  a  subiuteatinal  vein 
et«.,  alt  tend  to  prove  that  these  fishes  are  remnants  of  a  primitive  and 
preegnathostomatous  group.  The  few  surviving  members  of  the  group 
have  probably  owed  tbeir  preservation  to  their  parasitic  or  semipariisitic 
habits,  while  the  group  as  a  whole  probably  disappeared  on  the  appearance 
of  gnathostomatous  Vertebrata. 

The  ripe  ovum  of  Petrorayzon  Planed  is  a  slightly  oval  body  of 
about  1  mm.  in  diameter.  It  is  mainly  formed  of  an  opaque  nearly 
white  yolk,  invested  by  a  membrane  composed  of  an  inner  perforated 
layer,  and  an  outer  structureless  layer.  There  appears  to  be  a 
pore  perforating  the  inner  layer  at  the  formative  pole,  which  may  be 
called  a  micropyle  (Kupffer  and  Benecke,  No.  79).  Enclosing  the 
egg-membranes  there  is  present  a  mucous  envelope,  which  causes  the 
egg,  when  laid,  to  adhere  to  stones  or  i)ther  objects. 

Impregnation  is  etfected  by  the  male  attaching  itself  by  its  sucto- 
rial mouth  to  the  female.  The  attached  couple  then  shake  together; 
and,  as  they  do  so,  tbey  respectively  emit  from  their  abdominal  pores 
ova  and  spermatozoa  which  pass  into  a  hole  previously  made'. 

The   segmentation  is  total  and  unequal,  and   closely  resembles 
that  in  the  Frog's  egg  (Vol.  1.  p.  78).     The  upper  pole  is  very  slightly 
whiter    than    the    lower.      A 
segmentation  cavity  is  formed 
very  early,  and  is  placed  be- 
tween the  small  cells  of  the         ^^^ 
upper  pole  and  the  large  cells 
of  tlie  lower  polo.     It  is  pro- 

furtionately  lai^r  than  in  the  -.  1 

rog;  and  the  roof  eventually 
thins  out  so  as  to  be  formed 
of  a  single  row  of  small  cells,  yjc ._. 
At  the  sides  of  the  segmenta- 
tion  cavity  there  are  always 
several  rows  of  small  cells, 
which    gradually    merge    into 

the  larger  cells  of  the  lower  Fio.  87.  LoismTuniwAL  tertiul  beitiun 
pole  of  the  egg.  The  aegmen-  TBaonoa  an  ehdrio  or  Pkthoutzon  Plankui 
tation  is  completed  in  about  ""  '"  " 
fifty  hours. 

The   segmentation   is   fol- 

'  Artitjcisl  impregnstion  may  be  eftectcd  wilbaut  difBonlt;  bj  sqnmziiift  <'iit  into  tlie 
icime  vessel  tlie  ora  anil  Hpermatozoa  nf  %  ripe  female  and  malp.  The  Certiliz«d  efvfi 
AID  ca«i];  reai^d.    J'etromyKun  Planeri  breedH  ^nriiif;  tlie  iieoimd  half  of  April. 
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lowed  by  an  asymmetrical  invf^nation  (fig.  37)  which  leads  to  a 
mode  of  formation  of  the  hypoblast  fundamentally  similar  to  that  in 
the  Frog.  The  process  has  been  in  the  main  correctly  deacribed  by 
M.  Schultze  (No.  8il. 

On  the  border  between  the  large  and  small  cells  of  the  embryo, 
at  a  point  slightly  below  the  segmentation  cavity,  a  small  circular 
pit  appears;  the  roof  of  which  is  formed  by  an  infolding  of  the 
small  cells,  while  the  floor  is  formed  of  the  large  cells.  This  pit  is 
the  commencing  mesenteron.  It  soon  grows  deeper  (fig.  37,  al)  and 
extends  as  a  well-defined  tube  (shewn  in  transverse  section  in  fig.  38, 
al)  in  the  direction  of  the  segmentation  cavity.     In  the  course  of  the 


Flo.  3H.    TiuNaviiRSK  hectiox  TmiouuH  a  Petbohyzon  lhbkto  160  boiths  after 

ep.  epiblant;    al.  mfseiitoron ;    yk.  yolk-oflls;    mi.  meBoblast. 

formation  of  the  mesenteron  the  segmentation  cavity  gradually 
becomes  smaller,  and  is  finally  (about  the  ^OOth  hour)  obliterated. 
Tlie  roof  of  the  meaeuteron  is  formed  by  the  continued  invagination 
of  small  cells,  and  its  floor  is  composed  of  large  yolk-cells.  The  wide 
external  opening  is  arched  over  dorsally  by  a  somewhat  prominent 
lip — the  homologue  of  the  embryonic  rim.  The  opening  persists 
till  nearly  the  time  of  hatching ;  but  eventually  becomes  closed, 
and  is  not  converted  into  the  permanent  anus.  On  the  formation  of 
the  mesenteron  the  hypoblast  is  composed  of  two  groups  of  cells, 
(1)  the  yolk-cells,  and  (2)  the  cells  forming  the  roof  of  the  mesen- 
teron. 

While  the  above  changes  are  taking  place,  the  small  cells,  or  as 
they  may  now  be  called  the  epiblast  cells,  gradually  spread  over  the 
laf^e  yolk-colls,  as  in  normal  types  of  epibolic  invagination.  The 
growth  over  the  yolk-cells  is  not  symmetricnl,  but  is  most  rapid  in 
the  meridian  opposite  the  opening  of  the  alimentary  cavity,  so  that 
the  latter  is  left  in  a  bay  (cf.  Elasmobranchii,  p.  51).  The  epibolic 
iiivftuination  takes  place  as  in  Molluscs  and  many  other  forms,  not 
siiuply  by  the  division  of  pre-existing  epiblast  cells,  but  by  the  forma- 
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tion  of  fresh  epiblast  cells  from  the  yolk  celis  (fig.  37) ;  and  till  after 
the  complete  enclosure  of  the  yolk  cells  there  is  never  present  a  sharp 
line  of  demarcation  between  the  two  groups  of  cells.  By  the  time 
that  the  segmentation  cavity  is  obliterated  the  whole  yolk  is  enclosed 
by  the  epiblast.  The  jolk  cells  adjoining  the  opening  of  the  mesen- 
teron  are  the  latest  to  be  covered  in,  and  on  tbeir  enclosure  this 
opening  constitutes  the  whole  of  the  blastopore.  The  epiblast  is 
composed  of  a  single  row  of  columnar  cells. 

Mesoblast  Bud  notocbOTd.  During  the  above  changes  the  meso- 
blast  becomes  established.  It  arises,  as  in  Elasmobrancbs,  in  the 
form  of  two  plates  derived  from  the  primitive  hypoblast  During  the 
invagination  to  form  the  mesenteron  some  of  the  hypoblast  cells  on 
each  side  of  the  invaginated  layer  become  smaller,  and  marked  off  as 
two  imperfect  plates  (fig.  38,  »w).  It  ia  difficult  to  say  whether 
these  plates  are  entirely  derived  from  invaginated  cells,  or  are  in  part 
directly  formed  from  the  pre-existing  yolk  cells,  but  I  am  inclined  to 
adopt  the  latter  view ;  the  ventral  extension  of  the  mesoblast  plates 
undoubtedly  takes  place  at  the  expense  of  the  yolk  cells.  The  meso- 
blast plates  soon  become  more  definite,  and  form  (fig.  39,  ms)  well- 
defined  structures,  triangular  in 
section,  on  the  two  sides  of  the  "-"^ 

middle  line. 

At  the  time  the  mesobhuit  is 
first  formed  the  hypoblast  celJK, 
which  roof  the  mesenteron.  are 
often  imperfectly  two  layers 
thick  (fig.  38).  They  soon  how- 
ever become  constituted  of  a 
single  layer  only.  When  the 
mesoblast  is  fairly  established, 
the  lateral  parts  of  the  hypo- 
blast grow  inwards  underneath  _,  .. 
the  axial  part,  so  that  the  latter 
(fig.  39,  ch)  first  becomes  isolated 
as  an  axiaJ  cord,  and  is  next  in-          "'   „         .„  ... 

I        1    T >„.„„      »!,„    „„i„ii„„,  The  flgnre  illnstrateB  the  fonnfttion  ot 

closed    between   the    medullary     the  neural  corf  aud  of  the  notochord. 
cord  {nc)  (which  has  by  this  time  ^.  mesoblast;  t..c.  neoralcord  :  eft.  noto- 

been  formed)  and  a  continuous  chord;  yk.  yollt  cells;  ai.  alimentary  ostuti. 
sheet  of  hypoblast  below  (£^.  40). 

Here  its  cells  divide  and  it  becomes  the  notochord.  The  notochord  is 
thus  bodily  formed  out  of  the  axial  portion  of  the  primitive  hypoblast. 
Its  mode  of  origin  may  be  compared  with  that  in  Amphioxus,  in 
which  an  axial  fold  of  the  archenteric  wall  is  constricted  off  as  the 
notochord.  The  above  features  in  the  development  of  the  notochord 
were  first  established  by  Calberla'  (No.  78). 
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Qenerat  history  of  the  development.     Up  to  about  the  time  wlien 
tbe  enclosure  of  the  hypoblast  by  the  epiblast  is  completed,  no 
external  traces  are  visible  of  any 
-  *""  of  the  organs   of  the   embryo ; 

bat  about  this  time,  i,e.  about 
180  hours  after  impregnatioo, 
the  rudiment  of  the  medullary 
plate  becomes  established,  as  a 
linear  streak  estending  forwards 
&om   the  blastopore  over  fully 

one   half  the   circumference  of 

FiQ.  40.  Trihbtibbr  bbctiok  TBBonos  the  embryo.  ITie  medullary 
pABT  OF  iN  BMBBso  Or  Petbouyzon  PuHisi  plate  first  coutains  a  shallow 
OF  2je  HOHKB.  median   groove,  but  it  is  con- 

m.c.  medullary  cord;  eh.  noloohord;  al.  „„_t„j  :„(.«  +hp  m^Hiillnnr  rairil 
alimentaiy  canal;  mi.  meBobUatic  plate.  vert«a  into  toe  meauuary  coru, 

not  m  the  usual  vertebrate 
fashion,  but,  as  first  shewn  by  Calberia,  in  a  manner  much  more 
closely  resembling  the  formation  of  the  medullary  cord  in  Teleostei. 
Along  the  line  of  the  median  groove  the  epiblast  becomes  thickened 
and  forms  a  kind  of  keel  projecting  inwards  towards  the  hypoblast 
(fig,  39,  nc).  This  keel  is  the  rudiment  of  the  medullary  cord.  It 
soon  becomes  more  prominent,  the  median  groove  in  it  disappears,  and 
it  becomes  separated  from  the  epibiast  as  a  solid  cord  (fig.  40,  mc). 

By  this  time  the  whole  embryo  has  become  more  elongated,  and 
on  the  dorsal  surface  is  placed  a  ridge  formed  by  the  projection  of  the 
medullary  cord.  At  the  lip  of  the  blastopore  the  medullary  cord  is 
continuous  with  the  hypoblast,  thus  forming  the  rudiment  of  a  neur- 
enteric  canal. 

Calberia  gives  a  similar  account  of  the  formation  of  the  neural  ORnal 
to  that  which  he  gives  for  the  TeleoBt«i  {vide  p.  ^9). 

He  states  that  the  epiblast  becomes  divided  into  two  layers,  of  which 
the  outer  is  involuted  into  the  neural  cord,  a  median  slit  iu  the  involution 
representing  the  neural  groove.  The  eventual  neural  canal  is  stated  to 
be  lined  by  the  involuted  cells.  Scott  (No.  87)  fully  confinns  Calberia  on 
this  point,  and,  although  my  own  sections  do  not  clearly  shew  an  iuvolu- 
tiua  of  the  outer  Jayt^r  of  epiblast  cells,  the  testimony  of  these  two 
observers  must  no  doubt -be  accepted  on  this  point 

Shortly  after  the  complete  establishment  of  the  neural  cord  the 
elongation  of  the  embryo  proceeds  with  great  rapidity.  The  pro- 
cesses in  this  growth  are  shewn  in  fig.  41,  A,  B,  and  C.  The  cephalic 
portion  (A,  c)  first  becomes  distinct,  forming  an  anterior  protuberance 
free  from  yolk.  About  the  time  it  is  formed  the  mesoblastic  plates 
begin  to  be  divided  into  somites,  but  the  embryo  is  so  opaque  that 
thit)  process  can  only  be  studied  in  sections.  Shortly  aftcrwaids  an 
axial  lumen  appears  in  the  centre  of  the  neural  cord,  in  the  same 
manner  as  in  Teleostei. 

The  general  elougation  of  the  embryo  continues  rapidly,  and,  as 
shewn   in   my  figures,  the  anterior  end  is  applied  to  the  ventral 
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surfece   or   of  tlie    yolk    (B).     With    the    growth    of   the   embryo 
tbe  yolk    becomes  eotirely  coufined   to  the   posterior   part.     This 


Fio.  11.    Four  btaobb  ih  thb  dbvelofuemt  or  PBTaomzoN. 
(Alter  OwBJaniiikofl,) 
e.  oepbalio  extremi^;    hi.  blastopore;    op,  opUo  T«aioIe;   ou.r.  auditory  vesiole; 
^r.c.  braiiobial  clefts, 

part  is  accordingly  greatly  dilated,  and  might  easily  be  mistaken 
for  the  head.  The  position  of  the  yolk  gives  to  the  embryo  a  very 
peculiar  appearance.  The  apparent  ditference  between  it  and  the 
embryos  of  other  Fishes  in  the  position  of  tbe  yolk  is  due  in  tbe 
main  to  the  fact  that  the  poytanal  portion  of  tbe  tail  is  late  in 
developing,  and  always  small.  As  tbe  embryo  grows  longer  it 
becomes  spirally  coiled  within  the  e^-sbell.  Before  hatching  the 
mesoblastic  somites  become  distinctly  marked  (C). 

The  batching  takes  place  at  between  13 — 21  days  after  im- 
pregnation ;  the  period  varying  according  to  the  temperature. 

During  tbe  above  changes  in  the  external  form  of  the  embryo,  the 
development  of  the  various  oi^ans  makes  great  progress.  This  is 
especially  the  case  in  tbe  head.  Tbe  brain  becomes  distinct  from  tbe 
spinal  cord,  and  tbe  auditory  sacks  and  tbe  optic  vesicles  of  the  eye 
become  formed.  The  branchial  region  of  tbe  meseoteron  becomes 
established,  and  causes  a  dilatation  of  the  anterior  part  of  the  body, 
and  the  branchial  pouches  grow  out  irom  the  throat.  The  anus 
becomes  formed,  and  a  neurenteric  canal  is  also  established  (Scott). 
The  nature  of  these  and  other  changes  will  best  be  understood  by  a 
description  of  the  structure  of  the  just-hatched  larva.  The  general 
appearance  of  the  larva  immediately  after  hatching  is  shewn  in  fig. 
41,  D.     The  body  is  somewhat  curved;  the  posterior  extremity  being 
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much  dilated  with  yolk,  while  the  anterior  is  very  tliin.  All  the  cells 
still  coDtaiu  yolk  particles,  which  render  the  embryo  very  opaque. 
The  larva  only  exhibits  slow  movements,  and  is  not  capable  of  swim- 
ming about. 

The  structure  of  the  head  is  shewn  in  figs.  42  and  43.  Fig.  42  is  a 
section  through  a  very  young  larva,  while  fig.  43  is  taken  from  a  larva 
three  days  ^ter  hatching,  and  shews  the  parts  with  considerably 
greater  detail. 

On  the  veotral  side  of  the  head  is  placed  the  oral  opening  (fig. 
43,  m)  leading  into  a  large  stomodieum  which  is  still  without  a  com- 
munication with  the  mesenteron.  Ventrally  the  stomodseum  is 
prolonged  for  a  considerable  distance  under  the  anterior  juirt  of  the 
mesenteron.  Immediately  behind  the  stomodieum  is  placed  the  bran- 
chial region  of  the  mesenteron.  Laterally  it  is  produced  on  each  side 
into  seven  or  perhaps  eight  branchial  pouches  (fig.  43,  br.c),  which 
extend  outwards  nearly  to  the  skin  but  are  not  yet  open.  Between 
the  successive  pouches  are  placed  mesohlastic  segments,  of  the 
same  nature  and  structure  as  the  walls  of  the  head  cavities  in  the  em- 
bryos of  Elasmobrauchs,  and  like  them  enclosing  a  central  cavity.  A 
similar  structure  is  placed  behind  the  last,  and  two  similar  structures 
in  front  of  the  first  persistent  pouch.  This  pouch  is  situated  in  the 
same  vertical  line  as  the  auditory  sack  {aa.v),  and  would  appear  there- 
fore to  he  the  hyo-branchial  cleft ;  and  this  identification  is  confirmed 


Fio.  42.    DuaiuHifATio  v 

Fetrohtzon.    (From  Gegenbnur;  after  Calberla.) 
u.  mouth;    o'.  olbctory  pit;   v.  Beplmn  between  stomodteum   and  mesenteriiu ; 
h.  thyroid  iuTolutioD ;  n.  spinal  curd;  ch.  notocbord  ;  e.  heart;  a.  auditory  vesicle. 

by  the  fact  of  two  head  cavities  being  present  in  front  of  it.  At  the 
front  end  of  the  branchial  region  of  the  mesenteron  is  placed  a  thickened 
ridge  of  tissue,  which,  on  the  opening  of  the  passage  between  the 
stomodieum  and  the  mesenteron,  forms  a  paiiial  septum  between  the 
two,  and  is  known  as  the  velum  (fig.  43,  tv). 

According  to  Scott  (No.  87)  a  hyomandibnlar  pouch  forming  the  eighth 
pouch  is  formed  in  front  of  the  pouch  ali-eady  defined  as  the  hyobrsn- 
cbial     It  diBappears  early  and  does  not  acquire  gill  folds'.     The  tissue 
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forming  the  line  of  insertion  of  the  velum  appears  to  me  to  represent  the 
mandibular  arch.     The  grounds  for  this  view  are  the  following  : 


FlO.  43.       DU0IL\HKATTC 

The  liura  had  been  hatched  three  days,  and  vas  4-8  mm.  in  length.  The  optic  and 
audiloTy  TeBiclea  are  BUppoaed  to  be  seen  tbroa(;h  the  tisBnee.  The  letter  tv  pointing 
to  the  base  of  the  velum  is  where  Scutt  believes  the  hjomandibolar  cleft  to  be  situated. 

c.h.  cerebral  hemisphere;  (fc.  optic  thalamna ;  fn.  iDtundibulnm;  pn.  pineal  ghind; 
Nib.  mid-brain;  cb.  cerebeliDm:  md.  mednlla  oblongata;  oti.r.  auditory  vesicle;  op. 
optic  Tesicle;  ol.  oiractoi^  pit;  m.  nioQth ;  br.c.  branchi&l  pouches;  th.  thyroid 
iuvolntion  ;   v.no.  veotral  aorta ;   ht.  ventricle  of  heart ;   ch.  notochord. 

(1)  The  structure  in  question  has  exnetly  the  position  usually  occupied 
by  the  mandibular  arch. 

(2)  There  ia  preseut  in  late  larvte  {about  20  days  after  batching)  an 
artetial  vessel,  continued  from  the  ventral  prolongation  of  the  biilbua 
arteriosus  along  the  insertion  of  the  velum  towards  the  dorsal  aorta, 
which  has  the  relations  of  a  true  branchial  artery. 

On  the  ventral  aspect  of  the  branchial  region  is  placed  a  sack 
(figs.  42,A.,  and  43,  (A),  which  extends  from  the  front  end  of  the  branchial 
region  to  the  fourth  cleft.  At  first  it  constitutes  a  groove  opening 
into  the  throat  above  (fig.  44),  but  soon  the  opening  becomes  narrowed 
to  a  pore  placed  between  the  seconil  and  thinl  of  the  ■permanent 
branchial  pouches  {fig.  43,  th).  In  Ammocostes'  the  simple  tube 
becomes  divided,  and  asaume-i  a  very  complicated  form,  though  still 
retaining  its  opening  into  the  branchial  region  of  the  throat.  In  the 
atlult  it  forms  a  glandular  mass  underneath  the  branchial  region  of 
the  throat  equivalent  to  the  thyroid  gland  of  higher  Vertebrates. 

BODtewhat  scanty,  bat  I  have  ta  ;et,  vei;  likely  owing  to  the  imperfection  of  my 
material,  been  unable  to  find  Bcotl's  byomandibular  pouch  either  in  my  sectionB  or 
surface-views.  Huiley  deeciibeK  tliia  pouch  aa  present  in  the  form  of  a  cleft  in  later 
■tages ;  I  have  failed  to  find  hia  cleft  also.  The  vessel  interpreted  below  as  the 
branchial  artery  of  the  mandibiUar  orch  was  only  imperfectly  invealigated  by  me,  and 
I  was  not  sure  of  my  interpretations  about  it,  Scott  however  informs  me  by  letter  that 
it  is  nodonbtedly  present. 

'  Schneider  (No.  St)  states  that  in  the  fall-grown  AmmoccEtes  the  opening  is  sitnated 
between  the  third  and  fonrth  pouches.    This  is  certainly  not  true  for  the  yoimg  larva. 
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Od  the  ventral  aspect  of  the  bead,  and  immediatelj  in  front  of 
the  mouth,  is  placed  the  olfactory  pit  (fig.  43,  ol).  It  is  from  the 
first  unpaired,  and  in  just-hatched  larv%  simply  forms  a  shallow  groove 
of  thickeued  epiblaat  at  the  base  of  the  front  of  the  brain.  By  the 
stage  represented  in  fig.  43  the  ventral  part  of  the  original  groove  is 
prolonged  into  a  pit,  extending  backwards  beneath  the  brain  nearly 
up  to  the  infundibulum. 

On  the  side  of  the  head,  nearly  on  a  level  with  the  front  end  of 

the  notochord,  is  placed  the  eye  (fig.  43,  op).     It  is  constituted  (figs. 

i'i  and  46)  of  a  very  shallow  optic  cup  with  a  thick  outer  (retinal) 

layer,  and  a  thin  inner  choroid  layer.    In  contact  with  the  retinal  layer 

is  placed  tne  lens.     The  latter  is  formed  as  an  invagination  of  the 

skin  ;  to  which  it  is  still  attached  in  the  just-hatchud  larva  (fig.  4.5). 

The  eye  only  differs  at  this  stage  from  that  of  other  Vertebrata  in  its 

extraordinarily  small    size,   and 

ji  e  the  rudimentary  character  of  its 

constituent  parts. 

The  auditory  sack  is  a  large 
vesicle  (fig.  43,  au.v!),  placed  at 
the  side  of  the  brain  opposite  the 
first  persistent  branchial  pouch. 
The  braiu  is  formed  of  the 
usual  vertebrate  parts',  but   is 
Fio.  44,    DiiQHAHMATic  TBANHTEBSE  BKc-     charactcrized  by  the  very  slight 
ylTc'lfo™"  vA^oF^PETRoti^N*:^  ^W°^Jit    cranial  flexure.     The  fore-brain 
genbaur;  aftetCalWcla.)       '  cinsists  (fig.  43)  of  a  thalamen- 

d.  braDchiul  region  of  throat.  cephalon  (t/<)  and  an  undivided 

cerebral  rudiment  (c.A).  To  the 
roof  of  the  thalamencephalon  is  attached  a  flattened  sack  (/)»)  which 
is  probably  the  pineal  gland.  The  floor  is  prolonged  into  an  infundi- 
bulum (i»)  which  contains  a  prolongation  of  the  third  ventricle. 
The  lateral  walls  of  the  cerebral  rudiment  are  much  thickened. 

Behind  the  thaJamencephalon  follows  the  mid-braiu  (m6),  the 
sides  of  whicli  form  the  optic  lobes,  and  behind  this  again  the  hind- 
brain  (m,d) ;  the  front  border  of  the  roof  of  which  is  thickened  to 
form  the  cerebellum  (c6).  The  medulla  passes  without  any  marked 
line  of  demarcation  into  the  spinal  cord. 

The  histological  differentiation  of  tlie  brain  has  alreaily  proceeded 
to  some  extent ;  and  it  has  in  the  main  the  same  character  as  the 
spinal  cord.  Before  the  larva  has  been  hatched  very  long  a  lateral 
investment  of  white  matter  is  present  throughout.  The  notochord  (cA) 
is  continued  forwards  in  the  head  to  the  hinder  border  of  the  iofun- 
dibiilum.     It  is  slightly  flexed  anteriorly. 

From  the  hinder  border  of  the  auditory  region  to  the  end  of  the 
branchial   region  the  mesobla.st  is  dorsally  divided  into  myotomes. 
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which  nearly,  though  not  quite,  correspond  iu  number  with  the  bran- 
chial pouches. 


might  be  anticipated  from 


Fio.  45.     Horizontal  sectiok 


The  growth  of  the  myotomes  would  seem 
their  independent  innervation,  not  to  be 
related  to  that  of  the  branchial  pouches, 
BO  that  there  is  a  want  of  correspondence 
between  these  parts,  the  extent  of  which 
varies  at  different  periods  of  life.  The  re- 
lation between  the  two  in  an  old  larva  is 
shewn  in  fig,  47. 

The  head  of  the  larva  of  Petromyzon 
differs  very  strikingly  in  general  appear- 
ance from  that  of  the  normal  Vertebrata. 
This  is  at  once  shewn  by  a  comparison 
of  fig.  43  with  tig.  29.  The  most  im- 
portant difference  between  the  two  is 
due  to  the  absence  of  a  pronounced 
cranial  flexure  in  Petromyzon ;  an  ab- 
sence which  is  in  its  turn  probably 
caused  by  the  small  development  of  the 
fore-brain. 

The  stomodfeum  of  Petromyzon  is 
surprisingly  large,  and  its  size  and 
structure  in  this  type  militate  against 
the  view  of  some  erubryologists  that 
the  atomoda-um  originated  from  the 
coalescence  of  a  pair  of  branchial  pouches. 

In   the  region  of  the  trunk  there  is  present  an  uninterrupted 
dorsal  fin  continuous  with  a  ventral  fin  round  the  end  of  the  tail. 

There  is  a  well -developed  body  cavity,  which  is  especially  dilated 
in  front,  in  the  part  which  afterwards  becomes  the  pericardium.     In 
this  region  is  placed  the  nearly  straight  heart,  divided  into  an  auricle 
and  ventricle  (figs.  42  and  43),  the  latter 
continued  forwards  into  a  bulbus  arteri- 


The  myotomes  are  now  very  numerous 
(about  57,  including  those  of  the  head,  in 
a  three  days'  larva).  They  are  separated 
by  septa,  but  do  not  fill  up  the  whole  space 
between  the  septa,  and  have  a  peculiar 
wavy  outline.  The  notochonl  is  provided 
with  a  distinct  sheath,  and  below  it  is 
placed  a  subnotochordal  rod. 

The  alimentary  canal  consists  of  a 
narrow  anterior  section  free  from  yolk, 
and  a  posterior  region,  the  walls  of  which 
are  largely  swollen  with  yolk.     The  an- 


'.  tbalamencephalon ; 
optia  venicle;  1.  lens  of  e}'e; 
head  ca^itj. 


i.  leuB;    r.  ret 

The  section  pnsai 

one  side  of  the  lens. 
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terior  section  correapooda  to  the  region  of  the  oesophagus  and 
stomach,  but  exhibits  no  distinction  of  parts.  Immediately  behind 
thispointthealimentary  canal  dilates  considerably, and  on  the  ventral 
aide  is  placed  the  opening  of  a  single  large  sack,  which  forms  the 
commencement  of  the  liver.  The  walls  of  the  hepatic  sack  are 
posteriorly  united  to  the  yolk-cells.  At  the  region  where  the  hepatic 
sack  opens  into  the  alimentary  tract  the  latter  dilates  considerably. 

The  posterior  part  of  the  alimentary  tract  still  constitutes  a  kind 
of  yolk  sack,  the  ventral  wall  being  enormously  thick  and  formed  of 
several  layers  of  yolk-cella.     The  dorsal  wall  is  very  thin. 

The  excretory  system  is  composed  of  two  segmental  ducts,  each  con- 
nected in  front  with  a  well-developed  pronephros  (head -kidney),  with 
about  five  ciliated  funnels  opening  into  the  pericardial  region  of  the 
body  cavity.  The  segmental  ducts  in  the  larvae  open  behind  into 
the  cloacal  section  of  the  alimentary  tract. 

The  development  of  the  larva  takes  place  with  considerable  rapidity. 
The  yolk  becomes  absorbed  and  the  larva  becomes  accordingly  more 
transparent.  It  generally  lies  upon  its  side,  and  resembles  in  general 
appearance  and  babit  a  minute  Ampbioxus.  It  is  soon  able  to  swim 
with  vigour,  but  usually,  unless  disturbed,  is  during  the  day  quite 
quiescent,  and  chooses  by  preference  the  darkest  situations.  It  soon 
straightens  out,  and,  with  the  disappearance  of  the  yolk,  the  tail 


Fia.  47.     Heu>  or  a  larta  op  Petbohtzon  bh  weebb  old. 

(Altered  from  Mai  Bchultze.) 

au.v.  aaditory  vesicle ;  op.  optic  Teaiale ;  ol.  oUactorjpit;  ul.  upper  lip;  U.  loner 

lip;  or.jt.  papilln  fttaideot  mouth;  f  .Telumi  bT.»-  extra bianoliial skeleton;  1 — T.bntn- 

chiat  clefts. 

becomes  narrower  than  the  head.  A  large  caudal  fin  becomes 
developed. 

When  the  larva  is  about  twenty  days  old,  it  bears  in  most  ana- 
tomical features  a  close  resemblance  to  an  Ammoccetes ;  though  the 
histolt^cal  differences  between  my  oldest  larva  (29  days)  and  even 
very  young  Ammoccetes  are  considerable. 

The  mouth  undergoes  important  changes.  The  upper  Up  becomeB  much 
more  prominent,  forming  of  itself  the  anterior  end  of  the  body  (Gg.  47,  vl). 
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The  openin;;  of  the  nasal  pit  ia  in  this  way  relatively  thrown  back,  and  at 
the  same  time  is  caused  to  assume  a  dorsal  position.  This  will  be  at  once 
understood  by  a  comparison  of  fig.  43  with  fig.  47.  On  the  inner  side  of 
the  oral  cavity  a  ring  of  papillce  is  formed  (fig.  47,  or.p).  Dorsally  these 
papillta  are  continued  forward  as  a  liuear  streak  ou  the  under  side  of  the 
upper  lip.  A  communication  bttweeu  the  oral  cavity  and  the  branchial 
sack  is  very  soon  established. 

The  gill  pouches  gradually  become  enlarged ;  but  it  is  some  time 
before  their  email  external  opeuiugs  are  established.  Their  walls,  which 
are  entirely  lined  by  hypoblast,  become  raised  in  folds,  forming  the 
branchial  lamellie.  The  walk  of  the  head  cavities  between  them  become 
resolved  into  the  contractors  and  dilators  of  the  branchial  sacks.  The 
extra-branchial  basketwork  becomes  established  very  early  (it  is  present 
in  the  larva  of  6  millimetres,  about  9  days  after  hatching)  and  is  shewn 
in  an  older  larva  in  fig,  47,  br.».  It  is  not  so  complicated  in  these  young 
larvs  as  in  the  Ammooxtea,  but  in  Mnx  Schultze's  figure,  which  I  have 
reproduced,  the  dorsal  elements  of  the  system  are  omitted.  On  the  dorsal 
wall  of  the  branchial  region  a  ciliated  ridge  is  formed,  which  may  be  homo- 
logous with  the  ridge  on  the  dorsal  wall  of  the  branchial  sack  of  Ascidians. 
It  has  been  described  by  Schneider  in  Ammoccctes. 

With  reference  to  the  remainder  of  the  alimentary  canal  there  is  but 
little  to  notice.  The  primitive  hepatic  diverticulum  rapidly  sprouts  out 
and  forms  a  tubular  gland.  The  opening  into  the  duodenum  changes  from 
a  ventral  to  a  lateral  or  even  dorsal  position.  The  duct  leads  into  a  gall- 
bladder Imbedded  in  the  substance  of  the  liver.  Tentrally  the  liver  is 
united  with  the  abdominal  wall,  but  laterally  passages  are  left  by  which 
the  3>ericardial  and  body  cavities  continue  to  communicate. 

The  greater  part  of  the  y»lk  becomes  employed  in  the  formation  of  the 
intestinal  wall.  This  part  of  the  intestine  in  a  nine  days'  larva  (6-7  mm.) 
has  the  form  of  a  cylindrical  tube  with  very  thick  columnar  cells  entirely 
filled  with  yolk  psrticleH.  The  dorsal  wall  is  no  longer  appreciably  thinner 
than  the  ventral.  In  the  later  stages  the  cells  of  this  part  of  the  intestine 
become  gradually  less  columnar  as  the  yolk  is  absorbed. 

The  fate  of  the  yolk  cells  in  the  Lamprey  is  different  from  that  in  most 
other  Vertebrata  with  an  equally  large  amount  of  yolk.  They  no  doubt 
supply  nutriment  for  the  growth  of  the  embryo,  and  although  in  the 
anterior  part  of  the  intestine  they  become  to  some  extent  enclosed  in  the 
alimentary  tract  and  break  up,  yet  iu  the  posterior  port  they  become 
wholly  transformed  into  the  regular  epithelium  of  the  intestine. 

On  the  ninth  day  a  slight  fold  filled  with  mesoblastic  tinsue  is  visible 
on  the  dorsal  wall  of  the  intestine.  This  fold  appears  to  travel  towards 
the  veutrtU  side;  at  any  rate  a  similar  but  better-marked  fold  is  visible  in 
a  veutro-lateral  position  at  a  slightly  later  period.  This  fold  b  the  com- 
mencement of  tiie  fold  which  in  the  adult  makes  a  half  spiral,  and  is  no 
doubt  eijnivalent  to  the  spiral  valve  of  Elaamobranchs  and  Ganoids.  It 
contains  a  prolongation  of  the  caliao  artery,  which  constitutes  at  first  the 
vitelline  artery. 

The  nervous  system  does  not  undergo  during  the  early  larval  period 
changes  which  require  a  description. 

^e  opening  of  the  olfactory  sack  becomes  nan-owed  and  ciliated 
(fig.  47,  ol).     It  is  Cfirried  by  the  process  already  mentioned  to  the  dorsal 
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soriace  of  the  bead.  The  lumen  of  the  Back  u  well  developed ;  and  lies 
in  contact  with  the  base  of  the  fore  part  of  the  brain. 

The  TBBcuIar  system  preaente  no  very  remarkable  features.  The  heart 
is  two-chambered  and  straight.  The  ventricle  is  continued  forwards  au 
a  bulbus  arterioeus,  which  divides  into  two  arteries  at  the  thyroid  body. 
From  the  bulbus  and  its  continuations  eight  branches  are  given  off  to  the 
gills;  and  as  mentioned  above  a  veeael,  probably  of  the  Rame  nature, 
is  given  off  in  the  region  of  the  velum.  The  blood  from  the  bi'anchial 
sacks  is  collected  into  the  dorsal  aorta.  Some  of  it  is  tranuroitted  to  the 
head,  but  the  greater  p(ut  flows  backwards  ander  the  notochord. 

The  venous  system  consists  of  the  usual  anterior  and  posterior  cardinal 
veins  which  unite  on  each  side  into  a  ductus  Cuvieri,  and  of  a  great 
sub- intestinal  vessel  of  the  same  nature  as  that  in  embryo  Elosmobranchs, 
which  persistB  however  in  the  adult.  Jt  breaks  up  into  capillaries  in 
the  liver,  and  constitutes  therefore  the  portal  vein.  From  the  liver  the 
blood  is  brought  by  the  hepatic  vein  into  the  sinus  venosus.  In  adilition 
to  these  vessels  there  is  a  remarkable  unpaired  sub-branchial  vein,  which 
brings  back  the  blood  directly  to  the  heart  from  the  ventral  part  of  the 
branchial  region. 

Hetamorpliosia.  The  larva  just  described  does  not  grow  directly 
into  the  adult,  but  first  becomes  a  larval  form,  known  as  Ammocoetes, 
which  was  supposed  to  be  a  distinct  species  till  Aug.  Miiller  (No.  80) 
made  the  brillmnt  discovery  of  its  nature. 

The  Ammoccet^s  does  not 
differ  to  any  marked  extent  from 
the  larva  just  desciibed.  The 
histological  elements  become 
more  difierentiated,  and  a  few 
organs  reach  a  fuller  develop- 
ment. 

The  branchial  skeleton  becomes 
more  developed,  and  capoulea  for 
the  olfactoi7  sack  and  auditory 
sacks  are  established. 

The  olfactory  sack  is  nearly 
divided  into  two  by  a  ventral  sep- 
tum. The  eye  (tig.  48)  is  nuich 
more  fully  developed,  but  lies  a 
long  way  below  the  surface^  The 
optic  cup  foruiB  a  deep  pit,  in  the 
mouth  of  which  is  placed  the  lens. 
Fro.  48.  Etk  at  tx  Akhoc^tkb  ltino  The  retinal  layers  are  well  de- 
BBHKATH  THE  BHiB.  voloped  <cf.  lAngerhans)  and   the 

tv.  enidennU ;   d.c,    oermal  oonnectivs  ■  !l   1   _  _      e    l\  . 4.;. 

ti^SooStmuoQBwith  the  »..b-d«rm«I  con-  <»''*r  W^"".  «*  '!">  "P*";  ™P  "' 
necUve  tisane  (i.d.c],  which  is  Biio  shaded .  "layer  of  retmal  pigment  {rp)  con- 
There  is  DO  definite  bonndaiy  to  this  tUsne  tains  numerous  pigment  granules 
where  it  sDrrounda  the  e.ve.  especially  on   its   dorsal  side      At 

,.  C.°S'^'.Srcr°%°"iSrS:  ''•  -^f ,»'.  '"•  opf  ™p  "■«'«' 

retinal  pigment.  Isje™  ^alJ  "Oto  each  other.     They 
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constitnte  the  commencement  of  the  pigment  lityer  of  the  iris ;  but  at  thin 
stage  they  are  not  pigmented.  The  mesoblast  of  the  im  ia  hardly 
differentiated.  The  lens  {I)  has  the  normal  structure  of  the  emhryoiiic 
lens  of  Vertebrata.  The  inner  wall  is  thick  and  doubly  convex,  while  the 
outer  wall,  which  will  form  the  anterior  epithelium,  itt  very  tliin.  There  is  a 
lat^e  space  between  the  leus  and  the  retioH  containing  the  vitreous  liunionr 
{vh),  Thereidnoaqneousbumour,  and  tlietitisues  in  front  of  the  lens  bear  but 
little  resemblance  to  those  in  higher  Vertebrata.  The  cornea  is  repi'esented 
by  (1)  the  epidermic  {ep);  (2)  the  dermis  (</.c);  (3)  the  sub-dermal  connective 
tissue  [n.d.c)  which  jiasaes  witliout  any  sharp  line  of  demarc&tiou  into  the 
dermis;  (4)  » thick  membrane  continuous  with  the  choroid  which  repre- 
sents Desceniet'K  membrane.  Tlie  sub-dermal  connective  tissue  ia  continued 
us  an  investment  round  the  whole  eye.  Thei-e  is  no  specially  difftrrentiateil 
sclerotic,  and  a  clici'oid  is  only  tni]'erfectly  indicated'.  The  peculiar 
features  of  the  eye  of  the  young  larva  of  the  Amraoocetea  are  probably  due 
to  degeneration. 

In  the  brain  the  two  cerebral  hemispheieB  lie  one  on  each  side  of  the 
anterior  end  of  the  tlialamencephalun.  There  are  well-defined  olfactory 
lobes,  and  two  distinct  olfactoiy  nerves  are  present. 

The  excretory  system  has  undei^one  great  changes.  A  series  of  seg- 
mental tubes,  which  first  appear  in  a  larva  of  about  9  mm.,  becomes 
establiKhed  behind  the  pronephros,  and  la  an  Ammoc<£tes  of  65  mm.  the 
pronephi-os  has  l)egun  to  atrophy.  The  generative  organs  are  formed  in  a 
larva  of  about  35  mm.  Shortly  before  the  metamorphosis  the  portion  of 
the  cloaca  into  which  the  segmentsl  tubes  open  becomes  i>eparated  off  as  a 
distinct  urinogenital  sinus,  the  walls  of  which  become  perforated  by  the 
two  abdominal  pores. 

The  Ammocates  of  Petromyzon  Pla- 
Deri  lives  in  the  mud  in  ijtreams.  With- 
out  undergoing  any  marked  changea  in 
structure  it  gradually  grows  larger,  and 
after  three  or  four  years  undergoes  a 
metamorphosis.    The  full-grown  larva  may 

be  as  large  or  even  larger  than  the  adult.  ! 

The  metamorphosis  takes  place  from  Au- 
gust till  January.  The  breediog  season 
sets  in  during  the  second  half  of  April ; 
and  shortly  after  depositing  its  generative 
products  the  Lamprey  dies.  The  changes 
which  take  place  in  the  metamorphosis 
are  of  a  most  striking  kind. 

The  dome-shaped  mouth  of  the  larva 
is  replaced  (fig.  47)  by  a  mor«  definitely         ^^°-  *9-     Mon™  op  Pe- 
suctorial  mouth  with  homy  cuticular  teeth     ■™"'"'"''   ''"■™'"'   ""■"  '■« 
(fig,  49).    The  eyes  appear  on  the^surface ; 

'  LiuiRerbaiia  (oc.  cit.  describes  the  eje  of  the  kstaaoecetta  in  some  Tespeots  ver; 
diCecently  rrom  the  above.  Vei7  probably  his  dencription  nppliea  to  on  older 
AmmocieleB.  The  moM  important  poiiits  of  differrnce  appear  to  be  (1)  that  tho 
vitreoun  humour  is  all  bat  obliterated ;  [2)  that  the  iris  is  mach  better  developed. 


jiGoogle 


82  METAMORPHOSIS. 

and  the  dorsal  fin  becomes  more  prominent,  and  is  divided  into  two 
parts. 

Besides  these  obvious  external  changes  very  great  modifications 
are  effected  in  almost  all  the  organs,  which  may  be  very  briefly  enu- 
merated. 

1.  Very  profound  changes  take  place  in  the  skeleton.  An 
elaborate  system  of  cartilages  is  developed  in  connection  with  the 
mouth;  the  cranium  itself  undergoes  important  modifications;  and 
neural  arches  become  formed. 

2.  Considerable  changes  are  effected  in  the  gill  pouches,  and, 
according  to  Schneider,  whose  statements  must  however  be  received 
with  some  caution,  the  branchial  sack  becomes  detached  posteriorly 
from  the  (esophagus,  the  cesopbagus  then  sends  forwards  a  prolong- 
ation above  the  branchial  sack  which  is  at  first  solid.  This  prolong- 
ation forms  the  anterior  part  of  the  (esophagus  of  the  adult,  and  joins 
the  primitive  oral  cavity  at  the  velum.  The  so-called  bronchus  of 
the  adult  is  thus  the  whole  branchial  r^on  of  the  Ammocoetes,  and 
the  anterior  part  of  the  cesophagus  of  the  adult  is  an  entirely  new 
formation. 

3.  The  posterior  part  of  the  alimentary  tract  of  the  Ammocoetes 
undergoes  partial  atrophy.  The  gall-bladder  of  the  liver  is  absorbed ; 
and  the  liver  itself  ceases  to  communicate  with  the  intestine. 

4.  The  eye  undergoes  important  changes  in  that  it  travels  to 
the  suriace,  and  acquires  all  the  characters  of  the  normal  vertebrate 
eye, 

5.  The  brain  becomes  relatively  larger  but  more  compact,  and 
the  optic  lobes  (corpora  bigemina)  become  more  distinct. 

6.  The  pericaidial  cavity  becomes  completely  separated  from  the 
body  cavity,  and  a  distinct  pericardium  is  formed. 

7.  The  mesonephros  of  the  larva  disappears,  and  a  fresh  posterior 
part  is  formed.   • 

Mjndne.  The  ovum  of  Myxine  when  ready  to  be  laid  is  inclosed, 
as  shewn  by  Allen  Thomson',  in  an  oval  homy  shell  in  many  respects 
similar  to  that  of  Elasmobranchii ;  from  its  ends  there  project  a 
number  of  trumpet-shaped  tubular  processes,  which  no  doubt  serve  to 
attach  it  to  marine  objects.  No  observations  have  been  made  on  the 
development. 

Bibliography. 

(77)  E.  Oalberla.  "Der  BefruahtnngBTorgaug  beim  Petromjzon  Flaneii." 
Zrif./ irii».  Zooi.ToLra.   1877. 

J7S)  E.  Calberls.  "Ueb.  d.  Entwioklnng  d.  MedaUairobTSB  a.d.  Chorda  dorsslia 
d.  TeleoBtiet  n.  d.  Petromyzonten. "    Horphoiog.  Jahrbueh,  Vol.  iii.   1877. 

|7g)  C.  Enpffer  n.  B.  Benecke.  Der  Vorgang  d.  BefracUung  am  Ei  d.  Neun- 
augen.    EunigBberg,  1878. 

(80)  Aog.  UUiler.  "Ueber  die  Entwicklnog  d.  NeonftugeiL"  Uiiller'a  Arehio, 
1856. 

'  Ct/clopadia  0/  Altai,  and  Phyi.    Article  'Ovrnn.' 


3y  Google 


CYCLOSTOMATA.  83 

(Si)  A.iie.  Miiller.  Beobachtvngen  Sb.  d.  Be/ruchtungiencheinungen  im  Ei  d. 
Neunaugen,    Kdnigsberg,  18M. 

(83)  W,  Miiller.  "Das  UrogenitalayBtem  d.  AmphioKna  n.  d.  Cyolostomen." 
Jenaiicht  Ztitichrift,  Vol,  a.   1876, 

(S3)  Ph.  OwBJannikoff.  "Die  Entviok.  tod  d,  FlnBsneaBBngen."  Yorliiiif. 
Mittheilang.  Milangea  Biologiqtiei  tirta  du  BulUtia  de  I'Acad.  Imp.  St  PetenbouTg, 
Vol.  VII.   1870. 

(8+)     Ph.  OwBJannikon.     On  the  developToent  of  Pelramijzoa  JtavialilU  (RuBBiftli). 

(85)  Anton  Sohneider.  BeilrSge  i.  vergUich.  Anal.  u.  EiUviick.  d.  WirbtUhitre. 
Qaarto.    Berlin,  18T9. 

(86)  M.  8.  Bchnltze.  "Die  Entvickl.  t.  Peiroinrzon  Ploneri."  Qekronte 
PieiSEchrift.    Haarlem,  1S56. 

<87)  W.  B.  Soott.  "VorlanGga  Mittheilnng  flb.  d.  EntwioklnngBgeaohiohte  A. 
Petromyzonlen."    Zoologlachtr  Aiueiger,  Nos.  63  and  6*.    iii.  Jahrg.  1880. 


DigtizedbyCOOgle 


CHAPTER  VI. 
GANOIDEI". 


It  is  ouly  within  quite  receat  times  that  any  investigations  have 
been  maHe  on  the  embryology  of  this  heterogeneous,  but  primitive 
group  of  fishes.  Much  still  remains  to  he  done,  hut  we  now  know 
the  main  outlines  of  the  development  of  Acipenser  and  Lepidosteus, 
which  are  representatives  of  the  two  important  sub-divisions  of  the 
Ganoids.  Both  types  have  a  complete  segmentation,  hut  Lepidos- 
teus presents  in  ite  development  some  striking  approximations  to  the 
Teleostei.  I  have  placed  at  the  end  of  the  chapter  a  few  remarks 
with  reference  to  the  affinities  indicated  by  the  embryology. 

Acipenser*. 
The  freshly  laid  ovum  is  2  mm.  in  diameter  and  is  invested  by  a 
two-layered  shell,  covered  by  a  cellular  layer  derived  from  the  follicle'. 
The  segmentatiou,  though  complete,  approaches  the  meroblastic  type 
more  nearly  than  the  segmentation  of  the  frog's  egg.  The  first  furrow 
appears  at  the  formative  pole,  at  which  the  germinal  vesicle  was 
situated.  The  earlier  phases  of  the  segmentation  are  like  those  of 
meroblastic  ova,  in  that  the  furrows  only  penetrate  for  a  certain 
distance  into  the  egg.  Eight  vertical  furrows  appear  before  the  first 
equatorial  furrow;  which  is  somewhat  irregular,  and  situnt«d  close  to 
the  formative  pole. 

'  The  fotloiring  alasaifioatioii  of  the  Oanoldei  is  employed  in  the  preaeiit  ohapler; 
I     a.in»t,n;j_i      jAcipenBeridre.  [  Polypteriite. 

1.   Beiacnoiaei.   Ipoiyodontida..       u.  Teleostoidei.    JAmiidffi. 

(Lepidoateidn. 

>  Our  knowledge  of  tha  development  of  Adpenser  is  in  the  main  derived  &am 
SaleiiE^'i  vnlaable  obserratione.  HiB  foil  memoir  is  nafortimatety  pnhlitihed  in 
BusBian,  and  I  have  been  obliged  to  satis^  myeelf  with  the  Bbstract  {So.  90),  and 
nith  vibxt  oould  be  gathered  from  his  plates.  Prof.  Saleneliy  very  kindly  sapphed  me 
with  some  embryos;  and  I  have  therefore  been  able  to  some  extent  to  work  orer  the 
sahject  myself,  This  in  ntore  especially  true  for  the  istageB  after  hatching.  The 
ombryoB  of  the  earlier  atagea  were  not  enffidently  well  preBBrved  for  me  to  obBerra 
more  than  the  external  features  and  a  few  poiutB  with  reference  to  the  fonnatioa  of  the 

>  Seven  mioropylar  apertnres,  eii  of  which  form  a  cirele  roond  the  seventh,  are 
stated  hy  Eowalevsky,  Wsgner,  and  OKsjannikoff  (No.  Sq)  to  be  present  at  oue  of 
the  poles  of  the  inner  egg  membrane.  They  are  stated  by  Salensky  to  vary  in  nnmber 
nrom  five  to  thirteen. 
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In  the  later  stages  the  vertical  furrows  extend  through  the  whole 
egg,  and  a  segmentation  cavity  appears  between  the  small  and  the 
large  spberea.  The  segmentation  is  thus  in  the  main  similar  to  that 
of  a  frc^,  from  which  it  diverges  in  the  fact  that  there  is  a  greater 
difference  in  size  between  the  small  and  the  large  segments. 
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Flo.  60.       EmBBIOS    of    ActFEHSES    TIBWED    FBOM    IOX    DOBBH.    BUBFIOE. 

(After  Salennky.) 

A.  Stage  before  the  appeuanoe  of  the  ntesoblMtio  Bomiteg. 

B.  Stage  with  Ave  gomitea. 

3Ig.  medollnry  gToore;  bl.p.  blastopore;  i.d.  ec^mental  dnct;  Fb.  fore-bram; 
Hb.  hind-brain;    mj.  meeoblastio  aomite. 

In  the  final  stages  of  the  eegmentation  the  cells  become  distinctly 
divided  into  two  layers.  A  layer  of  small  cells  is  placed  at  the 
formative  pole,  and  constitutes  the  epiblast.  The  cells  composing  it 
are  divided,  like  those  of  Teleostei,  etc.,  into  a  superficial  epidermic 
and  a  deeper  nervous  layer.  The  remaining  cells  constitute  the  pri- 
mitive hypoblast  (the  eventual  hypoblast  and  mesoblast) ;  they  form 
a  great  mass  of  yolk -cells  at  the  lower  pole,  and  also  spread  along  the 
roof  of  the  segmentation  cavity,  on  the  inner  dde  of  the  epiblast. 

A  process  of  unsymmetricMd  inva^nation  now  takes  place,  which 
is  in  its  essential  features  exactly  similar  to  that  in  the  frog  or  the 
lamprey,  and  I  must  refer  the  reader  for  the  details  of  the  process 
to  the  chapter  on  the  Amphibia,  The  edge  of  the  cap  of  epiblast 
forms  an  equatorial  line.  For  the  greater  extent  of  this  line  the 
epiblast  cells  grow  over  the  hypoblast,  as  in  an  epibolic  gastrula,  but 
for  a  small  arc  they  are  inflected.  At  the  inflected  edge  an  invagi- 
nation of  cells  takes  place,  underneath  the  epiblast,  towards  the 
segmentation  cavity,  and  gives  rise  to  the  dorsal  wall  of  the  mo- 
senteron  and  the  main  part  of  the  dorsal  mesoblast.  The  slit  below 
the  invaginated  layer  gradually  dilates  to  form  the  alimentary  cavity  ; 
the  ventral  wall  of  which  is  at  first  formed  of  yolk-cells.  The  epi- 
blast along  the  line  of  the  invaginated  cells  soon  becomes  thickened, 
and  forms  a  medullary  plate,  which  is  not  very  distinct  in  surface 
views.  The  cephalic  extremity  of  this  plate,  which  is  furthest  re- 
moved from  the  edge,  dilates,  and  the  medullary  plate  then  assumes 
a  spatula  form  (fig.  .50  A,  Mg). 
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By  the  continued  extension  of  the  epiblast  the  uncovered  part  of 
the  hypoblast  has  in  the  mcaatime  become  reduced  to  a.  smalt  cir- 
cular pore — the  blastopore — and  in  surface  views  of  the  embryo  haa 
the  form  represented  m  fig.  50  A,  bl.p.  The  invagination  of  the 
mesenteron  has  in  the  meantime  extended  very  far  forwards,  and 
the  segmentation  cavity  has  become  obliterated.  The  lip  of  the 
blastopore  has  moreover  become  inflected  for  its  whole  circumference. 

The  invaginated  cells  forming  the  dorsal  wall  of  the  mesenteron 
soon  become  divided  into  a  pigmented  hypoblastic  epithelium  adjoin- 
ing the  lumen  of  the  mesenteron  (fig.  51,  en)  and  a  mesoblastic 
layer  {Sgp),  between  the  hypoblast  and  the  epiblast.  The  mesoblast 
ia  divided  into  two  plates  between  which  is  placed  the  notochord'  (CA). 

With  the  completion  of  the  medullary  plate  and  the  germinal 
layers,  the  first  embryonic  period  may  be  considered  to  come  to  a  close. 
The  second  period  ends  with  the  hatching  of  the  embryo.  During  it 
the  rudiments  of  the  greater  number  of  organs  make  their  appear- 
ance. The  general  form  of  the  embryo  during  this  period  is  shewn 
in  figs.  50  B  and  52  A  and  R 

One  of  the  first  changes  to  take  place  is  the  conversion  of  the 
medullary  plate  into  the  medullary  canal.     This,  as  shewn  in  fig.  51, 


FlO.   61.       TBASaVKBBK    HECTIOS    IHaoUOH    THK    iBrKBIOB   PART   Or   iN    AciPEHBEH 

EiinHTO.     (After  Salenaky.) 
lif.  meilllllary  groove;  Mp.  mednllarj  piste;  Wg.  tegmetAa\  Auct;  CA.  notochord ; 
Kv.  hypobluHt;  Sijp.  mcBoblastio  somite ;  Sp.  parietal  pvt  or  meaobliietic  pUte. 

is  effected  in  tho  usual  vertebrate  fashion,  by  the  establishment  of  a 
medullary  groove  which  is  then  converted  into  a  closed  canal  by  the 
folding  over  of  the  aides. 

The  uncovered  patch  of  yolk  in  the  blastoporic  area  soon  becomes 
closed  over ;  and  on  the  formation  of  the  medullary  canal  the  usual 
neurenteric  canal  becomes  established. 

The  further  changes  which  take  place  are  in  the  main  similar  to 
those  in  other  Ichthyopsida,  but  in  some  ways  the  appearance  of  the 
embryo  is,  as  may  be  gathered  from  fig.  52,  rather  strange.  This  is 
mainly  due  to  the  fact  that  the  embryo  does  not  become  folded  off 
from  the  yolk  in  the  manner  usual  in  Vertebrates;  and  as  will  be 
shewn  in  the  sequel,  the  relation  of  the  yolk  to  the  embryo  is  unlike 
that  in  any  other  known  Vertebrate.     The  appearance  of  the  embryo 
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is  something  like  that  of  an  ordinary  embryo  slit  open  along  the 
ventral  side  and  then  flatteued  out.  Organs  which  properly  belong 
to  the  ventral  side  appear  on  the  lateral  parts  of  the  dorsal  surface. 


Fio.  63.     EuBBioa  os  AcnBNBEit  bklonoino  to  two  htaqeb  viiwed  fboh  thb 
DOBSU.  SVBFICE.     (ATtsT  Soleueliy.) 

Fb.  fore-brain;  Mb.  mid-brain;  Hb.  hind-brain;  ep.  cephalic  plate;  Op.  optic 
veoiole;  Aav.  anditoiy  vehicle;  Olp.  olfaotory  pit;  Ht.  heart;  Md.  maodibcilar 
arch;  Ha.  hyoid  arch;   Br',  firgt  branchial  arch ;  Sd.  segmental  duct. 

Owing  to  the  great  forward  extension  of  the  yolk  the  heart  (fig.  52  B} 
appears  to  be  placed  directly  in  front  of  the  head. 

Even  before  the  formation  of  the  medullary  canal  the  cephalic 
portion  of  the  nervous  system  becomes  marked  out.  This  part,  after 
the  closure  of  the  medullary  groove,  becomes  divided  into  two  (fig. 
50  B),  and  then  three  lobes — the  fore-,  the  mid-,  and  the  hind-brain 
(fig.  52,  A  and  B).  From  the  lateral  parts  of  the  at  first  undivided 
fore-brain  the  optic  vesicles  (fig.  52  B,  Op)  soon  sprout  out;  and  in 
the  hind-braio  a  dilatation  to  form  the  fourth  ventricle  appears  in 
the  usual  fashion. 

The  epiblast  at  the  sides  of  the  brain  constitutes  a  more  or  less 
well-defined  structure,  which  may  be  spoken  of  as  a  cephalic  plate 
(fig,  52  A,  cp).  From  this  plate  are  formed  the  essential  parts  of  the 
organs  of  special  sense.  Anteriorly  the  olfactory  pits  arise  (fig.  52  B, 
Olp)  as  invaginations  of  both  layers  of  the  epiblast.  The  lens  of 
the  eye  is  formed  as  an  ingrowth  of  the  nervous  layer  only,  and 
opposite  the  hind-brain  the  auditory  sack  (fig.  52  A  and  B,  Auv)  is 
similarly  formed  from  the  nervous  layer  of  the  epiblast.  At  the 
sides  of  the  cephalic  plate  the  visceral  arches  make  their  appearance; 
and  in  fig.  52  A  and  B  there  are  shewn  the  mandibular  (Md), 
hyoid  (Ha)  and  first  branchial  {Br")  arches,  with  the  hyomandibular 
(spiracle)  and  hyobrancbial  clefts  between  them.  They  constitute 
peculiar  concentric  circles  round  the  cephalic  plate ;  their  shape 
being  due  to  the  flattened  form  of  the  embryo,  already  alluded  to. 

While  the  above  structures  are  being  formed  in  the  head,  the 
changes  in  the  trunk  have  also  been  considerable.  The  raeso- 
blastic  plates  at  the  junction  of  the  head  and  trunk  become  very 
early  segmented,  the  segments  being  formed  from  before  backwards 
(fig.  50  B).     With    their  formation  the  trunk  rapidly  increases  in 
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length.  At  their  outer  border  the  segmental  duct  (fig.  50  B,  and 
tig.  52  A,  Sd)  is  very  early  established.  It  is  formed,  as  in  Elasmo- 
branchs,  as  a  solid  outgrowth  of  the  mesoblast  (fig.  51,  Wg) ;  but  its 
anterior  extremity  becomes  converted  intoapronepliros  (fig.  hl,pr.n). 

Before  hatching,  the  embryo  haa  to  a  small  extent  become  folded 
utf  from  the  yolk  both  anteriorly  and  posteriorly;  and  has  also 
become  to  some  extent  vertically  compres^sed.  As  a  result  of  these 
changes,  the  general  form  of  its  body  becomes  much  more  like  that 
of  an  ordinary  Teleostean  embryo. 

The  general  features  of  the  larva  after  hatching  are  illustrated 
by  figs.  53,  -54  and  5.5.  Fig.  53  represents  a  larva  of  about  7  mm. 
anil  fig.  54  a  lateral  and  fig,  55  a  ventral  view  of  the  head  of  a  larva 
of  about  II  mm. 

There  are  only  a  few  points  which  call  for  special  attention  in  the 
general  form  of  tlie  body.  In  the  youngest  larva  figured  the  ventral 
part  of  the  hyomandihular  cleft  is  already  closed :  the  dorsal  part 
of  the  cleft  is  destined  to  form  the  spiracle  (sp).  The  arch  behind 
is  the  hyoid:   on  its  posterior  border  is  a  membranous  outgrowth, 


r'lu.  53.     LAnV:t  or  AcittKHEit  op  7  hu.,  bbohtlv  a 
(il,  olfactory  pit ;  op,  oi>tio  vesicle  ;  ip.  spiracle  ;  br.c.  braachial  clefts ;  an.  Hnua. 

which  will  develop  into  the  operculum.  In  older  larvK,  a  very 
rudimentary  gill  appears  to  be  developed  on  the  front  walls  of  the 
spiracular  cleft  (Parker),  but  I  have  not  succeeded  in  satisfying  myself 
about  its  presence ;  and  rows  of  gill  papillae  appear  on  the  hyoid 
and  the  true  branchial  arches  (figs.  54  and  55,^).  The  biserially- 
arrange<i  gill  papillte  of  the  true  branchial  arches  are  of  considerable 
length,  and  are  not  at  fii^st  covered  by  the  operculum;  but  they  do 
not  form  elongated  thread-like  external  gills  similar  to  those  of  the 
Elasmobranchii. 

The  oral  cavity  is  placed  on  the  ventral  side  of  the  head,  it  has 
at  first  a  more  or  less  rhomboidal  form.  It  soon  however  (fig.  55) 
becomes  narrowed  to  a  slit  with  projecting  lips,  and  eventually 
becomes  converted  into  the  suctorial  mouth  of  the  adult.  The  most 
remarkable  feature  connected  with  the  mouth  is  the  development  of 
provisional  teeth  (fig.  ao)  on  both  jaws. 

These  teeth  were  first  discovered  by  Knock  (No.  S3).  They  do  not  appear 
to  be  calcified,  and  might  be  supposed  to  be  of  the  same  nature  as  tlie  homy 
teeth  of  the  Lampiiiy.     Tliey  are  however  developeil  like  ti-ue  teeth,  as  a 
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deposit  between  a  papilla  of  subepidermic  tissae  and  ati  epidermic  cap. 
The  fiubstaoce  of  which  they  are  formed  corresponds  morphologically  to 
the  enamel  of  ordinaiy  teeth.  As  they  grow  they  pierce  the  epidermis, 
and  form  hollow  spine-like  structures  with  a  central  axis  filled  with  sub-  ' 
epidermic  (mesoblastic)  cells.  They  dioappear  after  the  third  month  of 
larval  life. 

In  front  of  the  mouth  two  pairs  of  papillas  grow  out,  which  ap- 
pear to  be  of  the  same  nature  as  the  papilliB  on  the  suctorial  disc 
in  the  embryo  of  Lepidosteus  {vide  p.  95).  They  are  very  short  in 
the  embryo  represeuted  in  fig,  53;  soon  however  they  grow  in  length 
(figs.  54<  and  55,  st) ;  anii  it 
is  probable  that  they  become 
the  barbels,  since  these  oc- 
cupy a  precisely  similar  po- 
sition'. 

The  openings  of  the  na- 
sal pits  are  at  first  single; 
but  the  opening  of  each  be- 
comes gradually  divided  into 
two  by  the  growth  of  a  flap 
on  the  outer  side  [fig.  SJ;,  oV). 
It  is  probable  that  this  flap 
is  e<iuivalent  to  the  fold  of 
the  superior  maxillary  pro- 
cess of  the  Amniota,  which  by  its  growth  roofs  over  the  open 
groove  which  originally  ieads  from  the  external  to  the  internal  nares ; 
so  that  the  two  openings  of 
each  nasal  sack,  so  esUib- 
lished  in  these  and  in  other 
fishes,  correspond  to  the  ex- 
ternal and  internal  nares  of 
h^her  Vertebrata. 

At  the  time  of  hatching 
there  is  a  continuous  dorso- 
ventralfiu,  which,  by  atrophy 
in  some  parts,  and  hyper- 
trophy iu  other  parts,  gives 
rise  to  all  the  unpaired  fins 
of  the  adult,  except  the  first 
dorsal  and  the  abdominal. 
The  caudal  part  of  the  fin  is  at  first  symmetrical,  and  the  hetero- 
eercal  tail  is  produced  by  the  special  growth  of  the  ventral  part  of 
the  fin. 

Of  the  internal    features  of   development  in  the  Sturgeon  the  moat 
important  concern  the  relation  of  the  yolk  to  the  alimentaiy  tracts      In 


g.  giUB. 


I.  mouth  ;(t.  suctorial (?)proceBaeB;  op.  eye; 
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moet  Vertebrata  the  yolk-cells  form  a  protuberance  of  the  part  of  the 


ek.  notoebord; 


Flo.  57.      THANSTiBai 


ACIPGNHER    5  UU.     1 

tt.  epitlielinm  of  stomach;   yt.  jolk 
notooliord,  below  which 
rod;  pr.n.  pronephros;  oi 
plate  formed  of  large  cells,  the  outer  parts  of 
which  are  differentiated  into  contractile  libres ; 
tp.c.  Bpina]  cord;  be.  body  cavity. 


at.  (BBopbagns;    I.  liver;    ht.  heart; 

alimentary  caDal,  immediately 
behind  the  duodenum.  Theyolk 
may  either,  as  in  the  lamprey 
or  fi'og,  form  a  simple  thicken- 
ing of  the  alimentary  wall  in  this 
region,  or  it  may  constitute  a 
well-developed  yolk-sack  as  in 
Elasmobranchii  and  the  Amni- 
ota.  In  either  case  the  liver  is 
placed  in  front  of  the  yolk.  In 
the  Stni^eon  on  the  contrary  the 
yolk  is  placed  almost  entirely  in 
front  of  the  liver,  and  the  Stur- 
geon appears  to  be  also  peculiar 
in  that  the  yolk,  instead  of  con- 
stituting an  appendage  of  the  ali- 
mentary tract,  is  completely  en- 
closed in  a  dilated  portion  of  the 
tract  which  becomes  the  stomach 
(6g8.  56  and  57).  It  dihttes  thin 
portion  to  such  extent  that  it 
might  be  supposed  to  form  a 
true  external  yolk-sack.  In  the 
stages  ]>efore  hatching  the  glan- 
dular hypoblast,  which  wan  es- 
tablished on  the  dorsal  side  of 
the  primitive  meaenteron,  en- 
a  Bubnotochordal  velops  the  yolk-cells,  which  fuse 
'"""''''"  together  into  a  yolk-masa,  and 
all  trace   of  their  original 


cellular  structure. 
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The  peculiar  fluttening  out  of  the  embryo  over  the  yolk  {vide  pp.  86 
and  87)  is  no  doubt  connected  with  the  mode  in  which  the  yolk  becomes 
enveloped  by  the  hypoblast. 

As  the  posterior  part  of  the  trunk,  containing  the  intestine,  becomes 
formed,  the  yolk  is  gradimlly  confined  to  the  anterior  part  of  tiie  alimentary 
tract,  which,  as  before  stated,  becomes  the  stomach.  The  epithelial  cells 
of  the  stomach,  us  well  as  tboee  of  the  intestine,  are  enormously  dilated 
with  food  yolk  (fig.  67,  «t).  Behind  the  stomach  is  formed  the  liver. 
The  BubintestinRl  vein  bringing  back  the  blood  to  the  liver  appears  to 
have  the  same  course  as  in  Teleostei,  in  that  the  blood,  after  passing 
through  the  liver,  is  distributed  to  the  walls  of  the  stomach  and  is  again 
collected  into  a  venous  trunk  which  falls  into  the  sinus  venosus.  As  the 
yolk  becomes  absorbed,  the  liver  grows  forwards  underneath  the  stomach 
till  it  comes  in  close  contact  with  the  heart  The  relative  position  of 
the  parts  at  this  stage  is  shewn  diagrammatioally  in  fig.  S6.  At  the  com- 
mencement of  the  intestine  there  arises  in  the  larva  of  about  14  mm.  a 
great  number  of  diverticula,  which  are  destined  to  form  the  compact  i 
glandular  organ,  which  opens  at  this  spot  in  the  adult.  At  this  stage  I 
there  is  also  a  fairly  well  developed  pancreas  opening  into  the  duodenum 
at  the  same  level  as  the  liver. 

No  b'ace  of  the  air-bladder  was  present  at  the  stage  in  question. 

The  spiral  valve  is  formed,  as  in  Elasmobranchii,  as  a  simple  fold  in  the 
wall  of  the  intestine. 

There  is  a  well-developed  subnotochordal  rod  (fig.  67),  which,  according 
to  Salensky,  becomes  the  subvertebral  ligament  of  the  adult ;  a  statement 
which  confirms  an  earlier  suggestion  of  Bridge.  The  pronephros  (head- 
kidney)  resembles  in  the  main  that  of  Teleostei  (fig,  ft!) ;  while  the  front 
end  of  the  mesonephros,  wkich  is  developed  conaiderably  later  than  the 
prone])hros,  is  placed  some  way  behind  it.  In  my  oldest  Itora  (14  mm.) 
the  mesonephros  did  not  extend  backwards  inte  the  posterior  part  of  the 
abdominal  cavity. 
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Lepidosteus'. 

The  ova  of  Lepidosteue  are  spherical  bodies  of  about  3  mm.  in 

'  Alexander  Agassiz  was  fortunate  enough  to  Bocceed  in  procuring  and  rearing 
a  batch  of  eggs  of  this  interesting  fomi.  He  bafl  given  an  adeqnate  acooont  of  the 
external  characters  of  the  poat-enthryonie  stagcB,  and  very  liberally  placed  hia  preserred 
material  of  the  stages  both  before  and  after  hatching  at  Prof.  W.  E.  Parker's  and  my 
dispaaal.  The  account  of  the  stages  prior  to  hatdiing  is^he  resnlt  of  invest igations 
CArried  on  by  Profeaaor  Parker's  hod.  Mr  W.  N.  Parker,  and  myself  on  the  material 
supplied  to  us  by  Agasuiz.  This  material  was  not  very  satisfaetorily  preserred,  but  I 
tniBt  that  our  results  are  not  witboat  some  interest. 
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diameter.  They  are  invested  by  a  tough  double  membrane,  c 
of  (l)'an  outer  layer  of  somewhat  pyriform  bodies,  radiately  arranged, 
which  appear  to  be  the  remains  of  the  follicular  cells ;  and  (2)  of  an 
inner  zona  radiata,  the  outer  part  of  which  is  radiately  striated, 
while  the  inner  part  ia  homogeneous. 

The  segmentation,  as  in  the  Sturgeon,  is  complete,  but  approaches 
closely  the  raeroblastic  type.    It  commences  with  a  vertical  furrow  at 
the  animal  pole,  extending  through  nbout  oue-fifth  of  the  circum- 
ference.   Before  this  furrow  has  proceeded  further  a  second  furrow  is 
formed  at  right  angles  to  it.    The  next  stages  have  not  been  observed, 
but  on  the  third  day  after  impregnation  (fig.  58),  the  animal  pole 
ia  completely  divided  into  small  segments,  which  form  a  disc  similar 
to  the   blastoderm  of  meroblastic   ova;   while  the  vegetative  pole, 
which   subsequently  forms  a  lai^e  yolk-sack,  is  divided  by  a   few 
vertical   furrows,  four  of  which 
nearly  meet  at  llie  pole  opposite 
the  bla-stoderm.    The  majority  of 
the  vertical  furrows  extend  only 
a   short  way  from  the  edge  of 
the  small  spheres,  and  are  par- 
tially  intercepted   by   impeitect 
equatorial  furrows. 

The  stages  immediately  fol- 
lowing the  segmentation  are  still 
unknown,  and  in  the  next  stage 
satisfactorily ,  observed,    on    the 
fifth  day  after  impregnation,  the 
body  of  the  embryo  is  distinctly 
differentiated.  '    The  lower  pole 
F;a.  68.    SoMpACE  view  op  the  otum     of  the  ovum  is  then  formed  of 
OF  Lepidostecb  \tith  the  uembranes  re-     a  mass    in   which    no    traces    of 
"a™™  "^  ^"*^  THiw)  DAY  AiTEB  iMPBEo-     Begmeuts  Or  Segmentation  furtows 
can  be  detected. 
The  embryo  (fig.  59)  has  a  durabbell-shaped  outline,  and  is  com- 
posed of  (1)  an  outer  area,  with  some  resemblance  to  the  area  pellu- 
cida  of  an  avian  embryo,  forming  the  lateral  part  of  the  body ;  and 
(2)  a  central  portion  consisting  of  the  vertebral  plates  and  raeduDary 
plate.     The  medullary  plate  is  dilated  in  frout  to  form  the  brain  (fn'). 
Two  lateral  swellings  in  the  brain  are  the  commencing  optic  vesicles. 
The  caudal  extremity  of  the  embryo  is  somewhat  swollen. 

Sections  of  this  stage  (fig.  60)  are  interesting  as  shewing  a  re- 
markable resemblance  between  Lepidosteus  and  Teleostei. 

The  three  layers  are  fully  established.  The  epiblast  (ep)  is  formed 
of  a  thicker  inner  nervous  stratum,  and  an  outer  flattened  epidermic 
stratum.  Along  the  axial  line  there  is  a  solid  keel-like  thickening  of 
the  nervous  layer  of  the  epidermis,  which  projects  towards  the  hypo- 
blast. This  thickening  {MG)  is  the  medullary  cord ;  and  tliere  is  no 
evidence  of  the  epidermic  layer  being  at  this  or  any  subsequent  perio<l 
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coDcemed  io  its  forniatioii  {vide  chapter  ou  Teleostei,  p.  58).    lu  the 
region  of  the  brain  the  medullary 
cord  is  3o  thick  that  it  gives  rise,  j 

as  iu  Teleostei,  to  a  projection  of  ■ 

the  whole  body  of  tbe  embryo 
towards  the  yulk.  Posteriorly  it 
is  flatter.  Tbe  mesoblaat  {Me)  in 
tbe  trunk  has  the  form  of  two 
plates,  which  thin  out  laterally. 
The  hypoblast  {Jiy)  is   a  single 

layer   of  cells,   and   is   nowhere  i 

folded  in   to   form  a  closed  ali-  I 

mentary  caual.  The  hypoblast 
is  separated  from  the  neural  cord 
by  the  notochord  {CK),  which 
throughout  the  greater  part  of 
the  embryo  is  a  distinct  struc- 
ture. 

In  the  region  of  the  tail,  the  Fiq.  69.  Scbfacb  tikw  op  a  Lepiih>b. 
axial  part  of  the  hypoblast,  the  tk^b  eubbio  on  the  fiftb  day  atteii 
notochord,  and  the  neural  cord 
fuse  together,  the  fused  part  so 
formed  is  the  horaologue  of  the 
neurenteric  canal  of  other  types.  Quite  at  the  hinder  end  of  the 
embryo  the  mesoblastic  plates  cease  to  be  separable  from  the  axial 
structures  between  them. 


Fio.  60.    Section 
MC.  medallaij  cord ;  Ep.  epiblast ;  Mr. 


LeFUiOHTEL'B  UN  THE  FirTH  DAT 

iblaBt;  hy.  hypoblast:  Ch.  notoobord. 


In  a  somewhat  later  stage  the  embryo  is  considerably  more  eloD- 
gated,  embracing  half  the  circumference  of  the  ovum.  The  brain  is 
divided  into  three  distinct  vesicles. 

Anteriorly  the  neural  cord  has  now  become  separated  from  the 
epidermis.  The  whole  of  the  thickened  nervous  layer  of  the  epiblast 
appears  to  remain  united  with  tbe  cerebro-spinal  cord,  so  that  the 
latter  organ  is  covered  dorsally  by  the  epidermic  layer  of  the  epiblast 
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Flo.  61.     Bhbbto  I 


LBPtI>OeTBllB    c 


only.     The  nervous  layer  soon  however  grows  in  again  from  the  two 
sides. 

Where  the  neural  cord  is  separated  from  the  epidermis,  it  is 
already  provided  with  a  well-developed  lumen.  Posteriorly  it  re- 
mains in  its  earlier  condition. 

In  the  region  of  the  hind-brain  traces  of  the  auditory  vesicles 
are  present  in  the  form  of 
slightly  involuted  thicken- 
ings of  the  nervous  layer 
of  the  epidermia 

The  mesoblast  of  the 
trunk  is  divided  anteriorly 
into  splanchnic  and  somatic 
layers. 

In  the  next  stage,  on 
- ^  the  bixth  day  after  impreg- 
nation (fig.  61),  there  is  a 
great  advance  in  develop- 
ment. The  embryo  is  con- 
siderably longer,  and  a  great 
number  of  mesoblastic  so- 
mites are  visible.  The 
body  is  now  laterally  com- 
pressed and  raised  from  the 
yolk. 

The  region  of  the  head 
is  more  distinct,  and  late- 
rally two  streaks  are  visible  (br.c),  which,  by  comparison  with  the 
Stui^eon,  would  seem  to  be  the  two  first  visceral  clefts':  they  are 
not  jet  perforated.      In    the 
«  lateral   regions   of  the  trunk 

the  two  segmental  ducts  are 
visible  in  surface  views  (fig. 
61,  ad)  occupying  the  same 
situation  as  in  the  Sturgeon. 
Their  position  in  section  is 
shewn  in  fig.  62,  sg. 

With  reference  to  the  fea- 
tures in  development,  visible  in 
sections,  a  few  points  may  be 
_     ..     _  alluded  to. 

The  optic  vesiclee  are  very 
promioent  outgrowths  of  the 
brain,  but  are  still  solid,  though 
the  anterior  cerebral  vesicle  has 
a,  well-developed   lumen.       The 


mc.  medallar;  cord;  nu.  mesoblast;  ig. 
segmental  dnct;  ch.  notocboid;  x.  SDb-noto- 
chordalrod;  %.  hypoblast. 


>  I  Iiave  as  ;et  been  unable  to  make  out  tbese  Btmctnree  in  section. 
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auditorj  vesiclee  are  now  deep  pits  of  tLe 
the  openings  of  which  are  covered 
by  the   epidermic   layer.     They 
are   shewn  for  a  slightly   lalw 
stage  in  fig.  63  {au.v). 

There  ia  now  present  a  sub- 
notochordal  rod,  which  develops 
as  in  other  types  from  a  thick- 
ening of  the  hypoblast  (Gg.  63,  x). 

In  an  embryo  of  the  seventh 
day  after  impregnation,  the 
features  of  the  preceding  stage 
become  generally  more  pro- 
nounced. 


layer  of  the  epiblast, 


The   optic   veeiolea   are    now  au„,    auditory    vesicle;      au.n.    auditory 

provided  with  a  lumen  (fig.  64),     nervei  eh.  notoobord ;  hy.  hypoblast. 
and  have  approached  close  to  the 

epidermis.  Adjoining  them  a  thickening  {I)  of  the  nervtms  layer  of  the 
epidermis  has  appeared,  which  will  form  the  lens.  The  cephalic  extremity 
of  the  segmental  duct,  which,  as  shewn  in  fig.  61,  ia  bent  inwards  towards 
the  middle  line,  has  now  become  slightly  convoluted,  and  formu  the  rudi- 
ment of  a  pronephros  (head- kidney). 

During  the  next  few  days  the  folding  off  of  the  embryo  from  the 
yolk  commences,  and  proceeds  till  the  embryo  acquires  the  form 
represented  in  fig.  65. 

Both  the  head  and  tail  are 
quite  free  from  the  yolk ;  and 
toe  embryo  presents  a  general 
resemblance  to  that  of  a  Tele- 
ostean. 

On  the  ventral  surface  of 
the  front  of  the  head  there  ia 
a  disc  (figs.  65,  66,  sd),  which 
is  beset  with  a  number  of 
processes,  formed  as  thicken- 
ings of  the  epiblast.  As  shewn 
by  Agasaiz,  these  eventually 
become  short  suctorial  pa- 
pillse'.  Immediately  behind 
this  disc  is  placed  a  narrow 
depression  which  forms  the 
rudiment  of  the  mouth. 

The  olfactory  pita  are  now  ,     ,.       ,       ^   ,    ^  .^  , 

,        ,         .         J  I         1         _  dl.  alimentuT  tract;  fb.  tholaniencephB- 

developed,  and  are  placed  near     i„„ .  ^  i^^,  ^.j  ^J^.  „^  „  '^^^^^  ^^^^   ^^ 

the  front  of  the  head.  meBoblast  is  not  repreaeoled. 


Btruotnrei ;  but  I  have  not  yet  ir 
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A  great  advance  has  taken  place  io  the  developmeDt  of  the  vis- 
ceral clefts  and  arches.  Tlie  oral  region  is  bounded  behind  by  a  well- 
marked  mandibular  arch,  which  is  separated  by  a  shallow  depression 
from  a  still  more  prominent  hyoid  arch  (fig.  65,  hy).  Between  the 
hyoid  and  mandibular  arches  a  double  lamella  of  hypoblast,  which 
represents  the  hyomandibular  cleft,  is  continued  from  the  throat  to 
the  external  skin,  but  does  not,  at  this  stage  at  any  rate,  contain  a 
lumen. 

The  hyoid  arch  is  prolonged  backwards  into  a  considerable  oper- 
cular fold,  which  to  a  great  extent  overshadows  the  branchial  clefts 
behind.     The  hyobranchial  cleft  is  widely  open. 

Behind  the  hyobranchial  cleft  are  four  pouches  of  the  throat  on 
each  side,  not  yet  open 
to  the  exterior.  They  are 
the  rudiments  of  the  four 
branchial  clefts  of  the 
adult. 

The  trunk  has  the 
usual  compressed  piscine 
form,  and  there  is  a  well- 
developed  dorsal  fin  con- 
tinuous round  the  end  of 
the  tail,  with  a  ventral 
fin.  There  is  no  trace  of 
the  paired  fins. 

Tlie  anterior  and  pos- 
terior portions  of  the  ali- 
mentary tract  are  closed 
at.  olfactory  pit ;   id.  Buctorial  disc  ;    hy.  Ljoid      in_  but  ihe  middle  region 
is  still  open  to  the  yolk. 
The  circulation  is  now  fully  established,  and  the  vessels  present  the 
usual  vertebrate  arrangement.     There  is  a  large  subintestinal  vein. 

The  first  of  Agassiz'  embryos  was  hatched  about  ten  days  after 
impregnation.  The  young  fish  on  hatching  immediately  used  its 
suctorial  disc  to  attach  itself  to  the  sides  of  the  vessel  in  which  it 
was  placed. 

The  general  form  of  Lepidosteus  shortly  after  hatching  is  shewn 
in  fig.  tJ7.  On  the  ventral  part  of  the  front  of  the  head  is  placed 
the  large  suctorial  disc.  At  the  side  of  the  head  are  seen  the 
olfactory  pit,  the  eye  and  the  auditory  vesicle;  while  the  projecting 
vesicle  of  the  mid-brain  is  very  prominent  above.  Behind  the 
mouth  follow  the  visceral  arches.  The  mandibular  arch  {md)  is 
placed  on  the  hinder  border  of  the  mouth,  and  is  separated  by  a 
deep  groove  from  the  hyoid  arch  (%).  This  groove  is  connected  with 
the  hyomandibular  cleft,  but  I  have  not  determined  whether  it  is 
now  perforated.  The  posterior  border  of  the  hyoid  arch  is  prolonged 
into  an  opercular  fold.  Behind  the  hyoid  arch  are  seen  the  true 
branchial  arches. 
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There  is  atiU  a  continuous  dorao-ventral  fin,  in  which  there  are 
as  yet  no  fin-rays,  and  the  anterior  paired  Bus  are  present. 

The  yolk-sack  is  very 
large,  but  its  communication 
with  the  alimentary  canal  is 
coatined  to  a  narrow  vitelline 
duct,  which  opens  into  the 
commencement  of  the  intes- 
tine immediately  behind  the  m.  i 
duct  of  the  liver,  which  is  —  si 
now  a  compact  glaud.  The 
yolk  in  Lepidosteus  thus  be- 
haves very  differently  from 
that  in  the  Sturgeon.  In  tbe 
first  place  it  forms  a  special 
external  yolk-sack,  instead  of                              dp 

an  internal  dilatation  of  part  ^la  66     Vkntrjl  view  or  tbe  deaii  of  \ 

of  the  alimentary  tract;  and     LsFinoaTKna  ttHDRvu  sbobtlibrfobe  hatchino, 
in  the  second  place  it  is  placed     ^o  ^asw  thb  uboe  buctobial  i.isc. 
behiud  instead  of  in  front  of         "*■  "ou'li:  op.  eye;  id.  Buctorial  disc, 
the  liver, 

I  failed  to  find   any  trace  of  a  pancreas.     There  is   however, 
opening  on  Vie  dorsal  side  of  the  throat,  a  well-developed  appendage 


Viii.  67.     Labvs  of  Lepipobtecs  shobti.v  trtr.n  nsTcania.    (After  Parker.) 
ol.  oltautory  pit ;  op,  optic  vesicle ;  au  i.  auditory  vesicle  ;  mb.  mid'brnin ;  id.  suc- 
torial disc ;    md.  maniiiliutar  arch ;    hy.  Ljoid  arcli  nilU  operculum ;    br.  branchial 

continued  backwards  beyond  the  level  of  the  commencement  of  the 
intestine.     This  appendage  is  no  doubt  the  air-bladder. 

In  the  course  of  the  further  growth  of  the  young  Lepidosteus, 
the  yolk -sack  is  rapidly  absorbed,  and  has  all  but  disappeared  after 
three  weeks.  A  rich  development  of  pigment  early  takes  place  ;  and 
the  pigment  is  specially  deposited  on  the  parts  of  the  embryonic  fin 
which  will  develop  into  the  permanent  fins. 

The  notocbord  in  the  tail  bends  slightly  upwards,  and  by  the  special 
development  of  a  caudal  lobe  an  externally  heterocercal  tail  like  that 
of  Acipenser  is  established.     The  ventral  paired  fins  are  first  visible 
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after  about  the  end  of  tlie  third  week,  and  by  this  time  the  operculum 
has  grown  considerably,  and  the  gills  have  become  well  developed. 

The  most  remarkable  changes  ia  the  later  periods  are  those  of  the 
mouth. 

The  upper  and  lower  jaws  become  gradually  prolonged,  till  they 
eventually  form  a  snout ;  while  at  the  end  of  the  upper  jaw  is  placed 
the  suctorial  disc,  which  is  now  considerably  reduced  in  size  (fig.  68,  ad). 
The  "fleshy  globular  termination  of  the  upper  jaw  of  toe  adult 
Lepidosteus  is  the  remnant  of  this  embryonic  sucking  diac."  (Agassiz, 
No.  92.) 

The  fin-rays  become  formed  as  in  Teleostei,  and  parts  of  the  con- 
tinuous embryonic  fin  gradu- 
ally undergo  atrophy.  The 
dorsal  limb  of  the  embryonic 
tail,  as  baa  been  shewn  by 
Wilder,  is  absorbed  in  pre- 
cisely the  same  manuer  as  in 
Teleostei,  leaving  the  ventral 
lobe  to  form  the  whole  of  the 
permanent  tail-lin. 

Bl  BLIOURAPHY. 

"The  deyelopmml  nl  Tiepidoateuii."    Pror.  Amtr.  Acad,  of 
11.  1878.'  V  >■■■■-       ■    .  I-   .  '■rii , 

General  observations  on  the  Embryology  of  the  Ganoids. 
The  very  heterogeneous  character  of  tlie  Ganoid  group  is  clearly 
nliewn  both  in  its  embryology  and  its  anatomy.  The  two  known  types  of 
furmation  of  the  centi'al  nervous  system  are  exemplified  in  the  two  species 
which  have  been  studied,  and  tliese  two  species,  though  in  accord  in  having 
ft  holoblaetic  segmenbition,  yet  differ  iu  nther  important  features  of 
development,  such  as  the  position  of  tlie  yolk  etc.  Both  types  exhibit 
Teleost«aD  affinities  in  the  character  of  the  pronephros;  but  as  might  have 
been  anticipated  Lepidosteus  presents  in  the  origin  of  the  nervous  system, 
the  relations  of  the  hypoblast,  and  other  characters,  closer  a))proximations  to 
the  Teleostei  than  does  Acijienser.  There  are  no  very  prominent  Amjjhibian 
cliarHcters  iu  the  development  of  either  type,  otiier  than  a  general  similarity 
in  the  Begment«tion  and  formation  of  the  layers.  In  the  young  of 
Polypieius  an  interesting  amphibinn  and  dipnoid  character  ia  found  in  the 
pieseuce  of  a  pair  of  true  external  gills  covered  by  epiblnst.  These  gills 
are  attached  at  the  hinder  end  of  the  opei'cnlum,  and  receive  their  blooil 
from  the  hyoid  arterial  arch'.  In  the  peculiar  suctorial  disc  of  Lej)!- 
dosteiis,  and  in  the  more  or  lesa  similar  structure  in  the  Sturgeon, 
these  fishes  retain,  I  believe,  a  verv  primitive  vertebrate  organ,  which 
has  diRap})eared  in  the  adult  Btate  of  almost  all  the  Vertebrata ;  but  it 
is  probable  that  further  investigations  will  shew  that  the  Teleostei,  and 
especially  the  Siluroids,  are  not  without  traces  of  a  similar  structure. 

i  Lapniilti.  *«.,  ani]  n.Trtl.  ■■  Usher  A.  Blutgeraai*, 
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The  eggs  of  most  Amphibia'  are  \ald  in  water.  They  are  eniallish 
Dearly  opherical  bodiea,  and  iq  the  majority  of  known  Aoura  (all  the 
European  species),  and  in  many  Urodela  (Anably stoma,  Axolotl, 
though  not  in  the  common  Newt)  part  of  the  surface  is  dark  or 
black,  owing  to  the  presence  of  a  superficial  layer  of  pigment,  while 
the  remainder  is  uupigmented.  The  pigmented  part  is  at  the  upper 
pole  of  the  egg,  and  contains  the  genninal  vesicle  tilt  the  time  of  it« 
atrophy ;  and  the  yolk -granules  in  it  are  smaller  than  those  in  the  un- 
pigmented  part.  The  ovum  is  closely  surrounded  by  a  vitelline  mem- 
brane', and  receives,  in  its  passage  down  the  oviduct,  a  gelatinous 
investment  of  varying  structure. 

In  the  Anura  the  eggs  are  fertilized  as  they  leave  the  oviduct. 
In  some  of  the  Urodela  the  mode  of  fertilization  is  still  imperfectly 
understood.     In  Salamanders  and  probably  Newts  it  is  internal*; 

>  The  foUoving  clasRiflenti<Hi  of  the  Amphibia  is  employed  in  Uie  present  ehnpter: 

L    Annra.  pHAHBiuioLOBB*. 


II.    Urodela. 


I  Trachyetomatii. 

IProtcidie. 


(Bftlamiuidrid*. 
III.    Gjmnophiona. 

*  I  am  auder  great  obligations  ti 
smswer  to  my  qnestioilB,  with  a  hage  : 
mcnt  of  the  Amphibia. 

1  Within  the  vitetlina  membTane  there  appears  to  be  preecDt,  in  the  Anora  at  any 
rate,  ft  »ery  delicate  membrane  closely  applied  to  the  yolk. 

'  Allen  Thomnon  infonoa  me  that  he  has  watched  Ihe  procesB  of  fertilization  in 
the  Kewt,  and  that  the  male  deposits  the  semen  in  the  water  elow  to  the  female. 
From  the  water  it  eefms  to  eiitar  the  female  peneralive  apertnre.  Von  Siebold  has 
ebewn  that  there  is  present  in  female  Newts  and  Salamanders  a  spermatio  buna.  Id 
this  bnrsa  the  spermatozoa  long  (three  months)  retain  their  vilality  in  some  Sala- 
mandere.      Varioun  pocnliaritieH  in  the  goatation  are  to  be  eiplained  by  thin  fact. 
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Imt  in  Amblystoma  punctatam  (Clark,  No.  98),  the  male  deposits  the 
semen  in  the  water.  The  eggs  are  laid  by  the  Anura  in  masses  or 
Btringa  By  Newts  they  are  deposited  singly  in  the  angle  of  a  bent 
blade  of  grass  or  leaf  of  a  water-plant,  and  by  Amblystoraa  puncta- 
tum  in  masses  containing  from  four  eggs  to  two  hundred.  Salaman- 
dra  atra  and  Salamandra  maculosa  are  viviparous.  The  period  of 
gestation  for  the  latter  species  lasts  a  whole  year. 

A  good  many  exceptions  to  the  above  general  statements  have  been 
recorded '. 

In  Notoddphia  ovipara  the  e^s  are  transported  (by  the  male!)  into  a 
peculiar  dorsal  pouch  of  the  skin  of  the  female^  which  has  an  anterior 
opening,  but  is  contiuued  backwards  into  a  pair  of  diverticula.  The  eggs 
are  very  large,  and  in  this  pouch,  which  they  enormously  distend,  they 
undergo  their  development.  A  more  or  less  similar  pouch  ia  found  in 
Nototrema  marsupiatum. 

In  the  Surinam  toad  (Pix)a  dorsigera)  the  eggs  are  pliiced  by  the  male 
on  the  back  of  the  female.  A  peculiar  pocket  of  skin  becomes  de- 
veloped round  each  egg,  the  open  end  of  which  is  covered  by  a  gelatinous 
operculum.  The  larvn  ai'e  hatched,  and  actually  undergo  their  metamor- 
phosis, in  these  pockets.  The  female  duriug  this  period  lives  in  water.  Fipa 
Americana  (if  specifically  distinct  from  P.  doivigera)  presents  nearly  the 
same  peculiarities.  The  female  of  a  tree  frog  of  Ceylon  (Folypedates 
retioidatus)  carries  the  eggs  attached  to  the  abdomen. 

Rhinoderma  Darwinii'  behaves  like  some  of  the  Siluroid  fishes,  in  that 
the  male  carries  the  eggs  during  their  development  in  an  enormously 
developed  laryngeal  pouch. 

Some  Anura  do  not  lay  tlieir  eggs  in  water.  Chiromantis  Quineenais 
nttaches  them  to  the  leaves  of  trees;  and  Cystiguathns  mjstactus  lays 
them  in  holes  near  ponds,  which  may  become  filled  with  water  after  heavy 


Formation  of  the  layers. 

AnoTft.  The  formation  of  the  germinal  layers  has  so  far  only 
been  studied  in  some  Anura  and  in  the  Newt.  The  following  descrip- 
tion applies  to  the  Anura,  and  I  have  called  attention,  at  the  end  of 
the  section,  to  the  points  in  which  the  Newt  is  peculiar. 

The  segmentation  of  the  Frog's  ovum  has  already  been  described 
(Vol.  I.  p.  78),  but  I  may  remind  the  reader  that  the  segmentation 
(fig.  69)  results  in  the  formation  of  a  vesicle,  the  cavity  of  which  is 
situated  excentrically ;  the  roof  of  the  cavity  being  much  thinner 
than  the  floor.  The  cavity  is  the  segmentation  cavity.  The  roof 
is  formed  of  two  or  three  layers  of  smallish  pigmented  cells,  and 

>  For  a  summaTv  of  these  and  the  literature  of  the  eahject  vide  ''Amphibia,"  by 
C.  K.  HoHmann,  in  Broun's  Chuien  tiad  OHtiuagtit  d.  Tliitr-rricht. 

=  Fide  Spengel,  "Die  FortpflaniungdesllhinodennaDarwimi."  Zeil.f.viUt.Zool.. 
ltd.  ixut.,  1877.  This  paper  contains  a  traoBlatioD  of  a  note  by  Jiminez  de  U  Eapoda 
on  the  development  ol  the  Bpecii:'B. 
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the  floor  of  large  cells,  which  form  the  greater  part  uf  the  ovui 


Fia.  69.    Skokektahon  or  Cohuon  Fhoo.     Baha  Tkmporaku,     (AfUr  Ecker.) 
The  utunbera  abovs  the  fignres  refer  to  the  Dumber  of  Begmenta  at  (he  itage  Hgored. 

These  large  cells,  which  are  part  of  the  primitive  hypoblast,  will  be 
spoken  of  in  the  sequel  as  yolk-cells:  they  are  equivalent  to  the 
food-yolk  of  the  majority  of  vertebrate  ova. 

The  celb  forming  the  roof  of  the  cavity  pass  without  any  sharp 
boundary  into  the  yolk-cells,  there  being  at  thejunction  of  the  two 
a  number  of  cells  of  an  intermediate  character.    The  cells  hoth  of  the 
loof  and  the  floor  continue  to  in- 
crease in   number,  and  those   of 
the  roof  become  divided  into  two 
distinct  strata  (fig.  70,  ep.). 

The  upper  of  these  is  formed 
of  a  single  row  of  somewhat  cubical 
cells,  aud  the  lower  of  several  rows 
of  more  rounded  cells.     Both  of     y- 
these  strata  eventually  become  the 

cpiblast,  of  which  they  form  the  '•*■ 

epidermic  and  nervous  layers.  The 
roof  of  the  segmentation  cavity 
appear?  therefore  to  be  entirely 
constituted  of  epiblast.  ^ 

The  next  changes  which  take  *""*•  7".  Sectiok  thbouoh  Fbm'b 
place  lead  (1)  to  the  formation  Jif^r  G6tte.)  ""'^^  "  beomkmtation. 
of  the  mesenterou',  and  (2)  to  the  '  ,„.  BepneoUtion  cavity ;  «.largeyoti- 
eoclosure  of  the  yolk-cells  by  the  ooutaiuing  oetis;  rp.  bidbH  cells  at  foTma- 
epiblast.  tJvepole(epibU«t);  x.  point  of  inflection 

The  mesenteroD  is  formed  as  in 
Petromyzon  and  Lepidosteus  by 
an  unsymmetricftl  form  of  invagination.     The  invagination  first  com- 
mences by  an  inflection  of  the  epiblast-cetls  for  a  small  arc  on  the 
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equatorial  Hue  which  marks  the  junction  betweeu  the  epiblastic  cells 
and  the  yolk-cells  (fig.  70,  x). 

The  inHecteJ  cells  become  continuous  with  the  adjoiDing  cells ; 
and  the  region  where  the  inflection  is  formed  constitutes  a  kind  of 
lip,  below  which  a  slit-like  cavity  is  soon  established.  This  lip  is 
eijuivaleiit  to  the  embryonic  rim  of  the  Elasmobranch  blastoderm,  and 
the  cavity  beneath  it  is  the  rudiment  of  the  mesenteron. 

The  mesenteron  now  rapidly  extends  by  the  inv^nation  of  the 
cells  on  its  dorsal  side.  These  cells  grow  inwards  towards  the  segmen- 
tation cavity  as  a  layer  of  cells  several  rows  deep  At  its  inner  end, 
this  layer  is  continuous  with  the  yolk-cells;  and  is  divided  into  two 
strata  (Hg.  71  A),  viz.  (Ij  a  stratum  of  several  rows  of  cells  adjoining 
the  epiblast,  which  becomes  the  mesobl»st  (jit),  and  (2)  a  stratum  of  a 
single  row  of  more  columnar  cells  lining  the  cavity  of  the  mesenteron, 
which  forms  the  hypoblast  {hy).  The  growth  inwards  of  the  dorsal 
wall  of  the  mesenteron  is  no  doubt  in  part  a  true  invagination,  but 
it  seems  probable  that  it  is  also  due  in  a  lat^e  measure  to  an^ctual 
differentiation  of  yolk-cella  along  the  line  of  growth.  The  flieseh'leron 
is  at  first  a  simple  slit  between  the  yolk  and  the  hypoblast  (fig.  71  A), 
but  a^  the  involution  of  the  hypoblast  and  mesoblast  extends  further 
inwards,  tliis  slit  eiilai^en.  especially  at  its  inner  end,  into  a  con- 
siderable cavity ;  the  blind  end  of  which  is  separated  by  a  narrow 
layer  of  yolk-cells  from  the  segmentation-cavity  (fig.  71  B). 

In  the  course  of  the  involution,  the  segmentation-cavity  becomes 
gradually  pushed  to  one  side  and  finally  obliterated.  Before  oblitera- 
tion, it  appears  in  some  forms  (Pelobates  fu?ciis)  to  become  completely 
onclased  in  the  yolk-cells. 

While  the  invagination  to  farm  the  mesenteron  takes  place  as 
above  described;  the  enclosure  of  the  yolk  has  been  rapidly  proceed- 
ing. It  is  effected  by  tbe  epiblast  growing  over  the  yolk  at  all  points 
of  its  circumference.  The  nature  of  the  growth  is  however  very 
different  at  the  embryonic  rim  and  elsewhere.  At  the  embryonic  rim 
it  takes  place  by  the  simple  growth  of  the  rim,  so  that  the  point  x  in 
figs.  70  and  71  is  carried  further  and  further  over  the  surface  of  the 
yolk.  Elsewhere  the  epiblast  at  first  estends  over  the  yolk  as  in  a 
typical  e|iibolic  gastnila,  without  being  inflected  to  fonii  a  definite 
lip.  While  a  considerable  patch  of  yolk  is  still  left  uncovered,  the 
whole  of  the  edge  of  the  epiblast  becomes  however  inflected,  aa  at 
the  embryonic  rim  (fig.  71  A);  and  a  circular  blastopore  is  established, 
round  the  whole  edge  of  which  the  epiblast  and  intermediate  cells 
are  continuous. 

From  the  ventral  lip  of  the  blastopore  the  mesoblast  (fig.  71,  m'), 
derived  from  the  small  intermediate  cells,  grows  inwards  till  it  comes 
to  the  segmentation- cavity ;  the  growth  being  not  so  much  due  to  an 
actual  invagination  of  ceils  at  the  lip  of  the  blastopore,  as  to  a 
differentiation  of  yolk-cells  in  aitu.  Shortly  after  the  stage  repre- 
sented  in  fig,  71  B,  the  plug  of  yolk,  which  fills  up  the  opening  of 
tbe  blastopore,  disappears,  and  the  mesenteron  communicates  freely 
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with  the  exterior  by  a  small  circular  blastopore  (fig.  73).    The  poaitio 


Fra.    71.     DUOBAMMATIC  I, 
AT  TWO  STAOEe,  TO  BBEW  THE  FOHUATION  OF  TBE  OEBHIHAI.  lAIEBB.    (Modified  from  Outk.) 

ef.  epibUst;  ni.  dors&l  mesoblast :  in',  ventral  mesoblaat;  hy.  bypoblast;  yk.  ;olk; 
z.  point  of  junction  of  the  epiblast  and  hypoblast  at  the  doFeal  side  of  the  blastopore ; 
at.  mesenteron  i  tg.  segmeiitatioii  cavity. 

of  the  blastopore  is  iLe  same  as  in  other  types,  viz.  at  the  hiRder 
end  ol'  the  embryo. 

By  this  stage  the  three  layers  of  the  embryo  are  definitely  esta- 
blished. Tlie  epiblast,  consisting  from  the  first  of  two  strata,  arises 
from  the  small  cells  forming  the  roof  of  the  segmeutation-cavity.  It 
becomes  continuous  at  the  lip  of  the  blastopore  with  cells  inter- 
niediat«  in  size  between  the  cells  of  which  it  is  formed  and  the  yolk- 
cells.  These  latter,  increasing  in  number  by  additions  from  the  yolk- 
cells,  give  rise  to  the  mesoblast  and  to  part  of  the  hypoblast;  while  to 
the  latter  layer  the  yolk-ceils,  as  mentioned  above,  must  also  be 
Considered  as  appertaining.  Their  history  will  be  dealt  with  in  treat- 
ing of  the  general  fate  of  the  hypoblast. 

UrodfllE.  The  eai'ly  stages  of  the  development  of  tbo  Newt  have  been 
adeqiiatuly  investi;>ated  by  Scott  and  Osboi-n  (No.  1 14).  The  segmentation 
and  formation  of  the  Inyera  is  in  the  main  the  same  as  in  the  Frog.  The 
ovum  is  without  black  pigment  There  is  a  typical  unayreraetrical  in- 
vagination, but  the  dorsal  lip  of  the  blastopore  is  uomewhat  thickened. 
The  most  striking  feature  in  which  the  Newt  differs  from  the  Frog  is  the 
fact  that  Ihe  epihlatt  in  at  JvrU  constituted  of  a  gingU  layer  of  edU  (fig. 
75,  ep).  The  roof  of  the  stiguientation  cavity  is  constituted,  during  the 
later  stages  of  the  segmentation,  of  several  rows  of  cella  (Bambeke, 
No.  95),  but  subsequently  it  would  appear  to  be  formed  of  a  siogle  row 
of  cells  only  (Hcott  and  Oaborn,  No.  114). 

General  histoi'y  of  the  layers. 
Epiblast:     Annra.     At  the  completion  of  the  invagination  the 
eiiiblast  forms  a  continuous  layer  enclosing  the  whole  ovum,  and  con- 
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fititiMed  througbout  of  two  strata.  Tbe  formation  of  the  medullary 
canal  commencua  by  the  nervous  layer  along  the  axial  dorsal  line 
becoming  thickened,  and  giving  riae  to  a  somewhat  ^yrifurm  medul- 
lary plate,  the  sides  of  which  form  the  projecting  medullary  folds 
(fig.  77  A).  The  medullary  plate  is  thickened  at.  the  two  sides,  and  is 
f^rooved  in  tbe  median  Une  bv  a  delicate  furrow  (fig.  72,  r).  The 
dilated  extremity  of  the  medullary  plate,  situated  at  the  end  of  tlie 
embryo  opposite  the  blastopore,  is  the  cerobral  part  of  the  plate,  and 
the  remainder  the  spinal.  Tbe  medullary  fold^  bend  upwards,  and 
finally  meet  above,  enclosing  a  central  cerebro- spinal  canal  (fig.  74). 
The  point  at  which  they  first  meet  is  nearly  at  the  junction  of  the 
brain  and  spinal  cord,  and  from  this  point  their  junction  extends 
backwards  and  forwards;  but  the  whole  process  is  so  rapid  that  the 
closure  of  the  medullary  canal  for  its  whole  length  is  effected  nearly 
simultaneously.  In  front  the  medullary  canal  ends  blindly,  but  behind 
it  opens  freely  into  the  still  persisting  blastopore,  with  the  lips  of 
which  the  medullary  folds  become,  as  in  other  types,  continuous. 
Fig.  73  represents  a  longitudinal  section  through  an  embryo,  shortly 


FlO.   72.      TnANBVRBSE   HKOl 

IN    UAHLY    EMDUYO   OP   BoHBINATOB.       {After  Gotle.) 

I.  mednllBiy  gitxive:  r.  axial  furrow  in  tlie  medallarf  groove;  h.  nervous  layer  of 
epidermis;  a*,  outer  portion  of  vert«brtil  plate;  i».  inner  portion  of  vertebral  plate; 
'.  luttral  plate  of  meeobluBt;  g.  not.icliord;  iT.  hypoblast. 

after  the  closure  of  the  medullary  canal  (nc) ;  the  opening  of  which 
into  the  blastopore  {x)  is  clearly  seen. 

On  the  closure  of  the  medullary  canal,  its  walls  become  separated 
from  the  external  epiblast,  which  extends  above  it  as  a  continuous 
layer.  In  the  formation  of  tbe  central  nervous  system  both  strata  of 
the  epiblast  h;.vi  a  share,  though  the  main  mass  is  derived  from  the 
nervous  l-.yer.  After  the  central  nervous  tube  has  become  separated 
from  the  external  skin,  the  two  layers  forming  it  fuse  together;  but 
there  can  be  but  little  doubt  that  at  a  later  period  the  epidermic 
layer  separates  itself  again  as  tbe  central  epithelium  of  the  nervous 
system. 

Both  the  nervous  and  epidermic  strata  have  a  share  in  forming  the 
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general  epiblast;  and  though  eventually  they  partially  fuse  together 
yet  the  hcjrny  layer  of  the  adult 
epidermis,  where  such  caa  be 
distinguished,  is  probably  de- 
rived from  the  epidermic  layer 
of  the  embryo,  aod  the  raucous 
layer  of  the  epidermis  from  the 
embryonic  nervous  layer. 

In  the  formation  of  the  or- 
gans of  sense  the  nervous  layer  ^ 
shews  itself  throughout  fis  the 
active  layer.  The  lens  of  the 
eye  and  the  auditory  sack  are 
derived  exclusively  from  it,  the 
latter  having  no  external  open- 

ing.  The  nervous  l.,e,  also  .JZll„^iSTS\iZ"\ZS. 
plays  the  more  important  part     fied  (rom  Giitte.) 

in  tlie  formation  of  the  olfactory  nc.  neural  canfti;  X.  point  of  jonction  of 

g^][  epiblast  and  hypoblast   at  the  doTFol  lip  of 

nil-  •       1  r        -LI      .         the   ll&Ktopore:    al.    alimentary   tract:     ul:. 

The  outer  layer  of  epiblast-      yolk-oells;  m.   m^Hobkst.     For  the   aske  ot 
cells  becomes  ciliated  after  the       aimplicit.v   the  epiblaat  is  rcpreaeuted  as  if 
close  of  the   segmentation,  but      composed  of  a  single  row  of  colls, 
the  cilia  gradually  disappear  on 

the  formation  of  the  internal  gills.  The  cilia  cause  a  slow  rotatory 
movement  of  the  embryo  within  the  egg,  and  prol»ahly  assist  in  the 
respiration  after  it  is  hatched.  They  are  especially  developed  on 
the  external  gills. 

Urodela.  in  the  Newt  (Scott  and  Osborn,  No.  114)  the  medullary 
jilate  becomes  established,  whUe  the  epiblast  is  aiill  formed  of  a  single  i-ow 
of  cellu ;  and  it  is  not  till  afv.er  the  closure  of  the  neural  groove  that  any 
distinction  is  ohhcrvable  between  the  epitlieliura  of  the  central  canul, 
and  the  remaining  cells  of  the  cerehro-ispinBl  cord  (fig.  75). 

Before  the  closure  of  the  medullaiy  folds  the  luteml  epiblast  becomes 
divided  into  the  twn  strata  pi-esent  froni  the  first  in  the  Fi-og ;  and  in  the 
subsequent  development  the  inner  layer  behaves  as  the  active  layer,  pre- 
cisely as  in  the  Auitra. 

The  mesoblast  and  notochord:  Aniora.  After  tlie  disappear- 
ance of  the  segmentation -cavity,  the  mesoblast  is  described  by  most 
observers,  including  Gotte,  as  forming  a  continuous  sheet  round  the 
ovum,  underneath  the  epiblast.  The  first  important  differentiations 
in  it  take  place,  as  in  the  case  of  the  epiblast,  in  the  axial  dorsal 
line.  Along  this  line  a  central  cord  of  the  mesoblast  becomes  sepa- 
rated from  the  two  lateral  sheets  to  form  the  notochord.  Calberla 
states,  however,  that  when  the  mesoblast  is  distinctly  separated  from 
the  hypoblast  it  does  not  form  a  continuous  sheet,  but  two  sheets  one 
on  each  side,  between  which  is  placed  a  ridge  of  cells  continuous 
with  the  hypoblastic  sheet.     This  ridge  subsequently  becomes  sepa- 
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rated  from  the  hypoblast  as  the  notochnrd.  Against  this  view  Ootte 
has  recently  strongly  protested,  and  given  a  series  of  careful  repre- 
sentations of  his  sections  which  certainly  support  his  original  ac- 
count. 

My  own  ohservationa  are  in  favour  of  Calberla'e  statement,  and  so  far 
as  I  can  determine  from  my  sections  the  mesoblast  never  appears  as  a 
perfectly  continuous  xheet,  but  is  always  deficient  in  the  dorsal  median 
line.  My  observations  are  unfortunately  not  founded  on  a  sufficieot  series 
of  sections  to  settle  the  point  definitely. 

After  the  formation  of  the  notochord  (fig.  72),  the  mesohlast  may 
be  regarded  as  consisting  of  two  lateral  plates,  continuous  veotrally, 
but  separated  in  tho  median  dorsal  line.     By  the  division  of  the  dorsal 
parts  of  these  plates  into  segments,  which  commences  in  the  region 
of  the  neck  and  thence  extends  backwards,  the  mesoblast  of  the 
trunk    becomes    divided    into    a 
vertebral  portion,  cleft   into  se- 
parate somites,  and  a  lateral  un- 
segniented  portion  (fig.  74). 

The  history  of  these  two  parts 
and  of  the  mesoblast  is  generally 
the  same  as  in  Elasmobranchs. 

The  mesoblast  in  the  head  be- 
comes, according  to  Gotte,  divided 
into  four  segments,  equivalent  to 
the  trunk  somites.  Owing  to  a 
confusion  intowlnch  Gotte  baa  faUen 
from  not  recognizing  the  epiblaatic 
origin  of  the  cranml  nerves,  his 
statements  on  this  bead  must,  I 
think,  be  accepted  with  considerable 
reserve  ■  but  some  [uirt  of  bis  seg- 
ments appeal's  to  correspond  with 
the  head-CHvities  of  Elasmobranchii. 
Urodela.  Scott  and  Osbom 
(No.  114)  bave  shewn  that  in  the 
Newt  the  mesoblast  (fig.  75)  is 
formed  of  two  lateral  plates,  split 
off  fi-om  the    hypoblast,  and    that 


Fio.  li.     Section 

jiBRYO  OF  BoBBiNATOH.    (After  GOtts. ) 
'.  medulln  obloui^ata:  ti*.  aplBocbuo- 


ploure ;  a«'.  somatopleure  Id  the  vertebral  the  ventral  growth  of  these  plates 
port  of  the  mesoblaBtic  plate ;  ».  lateral  is  Jai-gely  effected  by  the  convereion 
plate  of  meeoblast;  /.  throat:  t.  pasaase  of       e        11       11      -4.  \  1     j.      11 

^pilheha]oellemtoVolk-ceUB;rf.folk^lls;  of  yolk-cells  .nto  raesobl<«t cells. 
T.  dorsal  groove  along  the  line  of  janclion  Ihey  have  further  shewn  that  the 
of  the  medullary  foMs,  notochord  is   formed    of   an    aaial 

portion  of  the  hypoblatt,  as  in  tlie 
types  already  considered  (fig.  75).  The  body-cavity  is  continued  into  the 
region  of  the  head  ;  and  the  mesoblast  lining  the  cephalic  section  of  the 
body-cavity  is  divided  into  the  same  number  of  head-cavities  as  in  Ela-mo- 
braiichii,  viz.  one  iu  front  of  the  mouth,  and  one  in  the  mandibulHr  and 
one  in  each  of  the  fullowing  arches. 


3y  Google 


AWniBIA. 


107 


The  iLypoblast.     Tliere  are  no  important  points  of  difFerence  in 
the  rfclatiwna  of  the  hypoblast  between  the  Anura  and  Urodcla.     The 
mesenteron,  at  the  stage  re- 
presented in  fig.  73,  forms  a  ftiW 
wide  cavity  lined  dorsally  by 
a  layer  of  invj^inated  hypo- 
blast, and  ventrally  by  the  , 
yolk-ceils.     The  hypoblast  is 
continuous   laterally  and  in 
front     with     the     yolk-cells 
(figs.  72,  74  and  75).     At  an 
earlier  stage,  when  the  me- 
senteron has  a  less  definite                          jh.       _, 
form,   such   a  continuity   be-            j.-^,,  ,^      Thanbtekse  ercrios  THiu)i.'on  thk 
tween  the  true  hypoblast  and     cefhmjc  bbuiom  or  a  touno  Nekt  embhvd. 
the  yolk-cells  does  not  exist    (After  Scott  and  Onbotp.) 
at  the  sides  of  the  cavity.                  '"■%■  inv«giiiated  bypoHast.  the  dorsal  part 

The  definite  closing  in  of     „f  „g„^  p,„t^.   ,p_  BpUnchnopleare;   al.  ali- 
the  mesenteron   by  the  true      mentary  tract;  yi.  and  yfty.yolk.cella. 
hypoblast-cells  commences  in 

front  and  behind,  and  taVes  place  last  of  alt  in  the  middle  (fig.  7fi). 
In  front  this  process  takes  place  with  the  greatest  rapidity.  The 
cells  of  the  yolk-floor  become  continuously  differentiated  into  hypo- 
blast-cells, and  very  soon  the  whole  of  the  front  end  becomes  com- 
pletely lined  by  true  hypoblastic  cells,  while  the  yolk-cells  become 
confined  to  the  floor  of  the  middle  part. 

The  front  portion  of  the  mesenteron  gives  rise  to  the  cesophagus, 
stomach  and  dnodenum.    Close  to  its  hinder  boundary  there  appears 
a  ventral  outgrowth,  which  is  the   commencement   of  the  hepatic 
diverticulum  (lig.76,/). 
The  yolk  is  thus  post- 
hepatic,  as  in   Verte- 
brates generally. 

The  stomodteum  is 
formed  comparatively 
late  by  an  epiblastic 
invagination    (fig.   76, 

It  should  be  noticed 
that  the  conversion  of 
the  yolk-cells  into  hypo- 
bl(i»t-celts  to  fortu  the 
ventral  wall  of  tlie  atj- 
terior  i-egion  uf  th«  ali- 
mentary tract  is  a.  clusely 
Bimilar  occurrence  to  the 
formation  of  cells  in  the 
yolk-floor  of  the  anterior  part  of  the  alimentary  tract 


Fia.  76.      LONOITUDINAI.     beci 
VANCED    EVDBYO    OF   BOUBINATOH.       (After  tiattP.) 

m.   month ;    an.    anux ;    1.    1        , 
cnnal;  mc.  mednllary  caoij ;  cA.  notochord;  pn.  pmeol 

I  Elasmobrancliii 
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This  coiiTeraion  h  ftpi»arent!y  denied  by  GTitte,  but  since  I  find  cells  in  all 
stitgea  of  ti-ansition  between  yolk-cetla  and  hypoblaat-cells  I  cumot  doubt 
the  fact  of  its  oocwi'rence. 

At  first,  the  mesenteron  freely  communicatea  with  the  exterior 
by  the  opentug.of  the  blastopore.  The  lips  of  the  blastopore  gradu- 
ally approximate,  aad  form  a  narrow  passage  on  the  dorsal  side  of 
which  the  neural  tube  opens,  as  has  already  been  described  (fig.  73). 
The  external  opening  of  this  passage  finally  becomes  obliterated, 
and  the  passage  itself  is  left  as  a  narrow  diverticulum  leading  from 
the  hind  end  of  the  mesenteron  into  the  neiiral  canal  (fig.  76).  It 
forma  the  post-anal  gut,  and  gradually  narrows  and  finally  atrophies. 
At  its  front  border,  on  the  ventral  side,  there  may  be  seen  a 
alight  ventrally  dire<ited  diverticulum  of  the  alimentary  tract,  which 
first  becomes  visible  at  a  somewhat  earlier  stage  ifig.  73).  This 
diverticulum  becomes  longer  and  meets  an  invagination  of  the  skin 
(fig.  76,  an),  which  arises  in  Rana  temporaria  at  a  somewhat  earlier 
period  than  represented  by  Gotte  in  Bombinator.  This  epiblastic 
invagination  is  the  proctodfeum,  and  an  anal  perforation  eventually 
appears  at  its  upper  extremity. 

The  differentiation  of  the  hinder  end  of  the  prtean^  gut  proceeds 
in  the  same  fashion  as  that  of  the  front  end,  though  somewhat  later, 
[t  gives  rise  to  the  cloacal  and  intestinal  part  of  the  alimentary  tract. 
From  the  ventral  wall  of  the  cloaca!  section,  there  grows  out  the  bifid 
allantoic  bladder,  which  is  probably  homologous  with  the  allautois  of 
the  higher  Vertebrata,  After  the  differentiation  of  the  ventral  wall 
of  the  fore  and  hind  ends  of  the  alimentary  tract  has  proceeded  for 
a  certain  distance,  the  yolk  only  forms  a  floor  for  a  restricted 
median  region  of  the  alimentary  cavity,  which  corresponds  to  the  um- 
bilical canal  of  the  Amuiota.  The  true  hypoblastic  epithelium  then 
grows  over  the  outer  aide  of  the  yolk,  which  thus  constitutes  a 
true,  though  small,  and  internal  yolk-sack.  The  yolk-cells  enclosed 
in  this  sack  become  gradually  absorbed,  and  the  walls  of  the  sack 
form  part  of  the  intestme. 

General  growth  of  the  Embryo. 
Annra.  The  pyriform  medullary  plate,  already  described,  is  the 
first  external  indication  of  the  embryo.  This  plate  appears  about 
the  stage  represented  in  longitudinal  section  in  fig.  71  B.  The 
feature  most  conspicuous  in  it  at  first  is  the  axial  groove.  It  soon  be- 
comes more  prominent  (fig.  77  A),  and  ends  behind  at  the  blastopore 
(bl),  the  lips  of  which  are  continuous  with  the  two  medullary  folds. 
As  the  sides  of  this  plate  bend  upwards  to  form  the  closed  medullary 
canal,  the  embryo  elongates  itself  and  assumes  a  somewhat  oval 
form.  At  the  same  time  the  cranial  flexure  becomes  apparent  (fig.  73), 
and  the  blastopore  shortly  afterwards  becomes  shut  off  from  the 
exterior.  The  embryo  now  continues  to  grow  iu  length  (fig.  77  B), 
and  the  mesoblast  becomes  segmented.  The  somites  are  first  formed 
in  the  neck,  and  are  added  successively  behind  in  the  unsegmented 
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posterior  region  of  the  embryo.  The  hind  end  of  the  embryo  grows 
out  into  a  rounded  prominence, 

which  rapidly  elongates,  and  "    j^  _     „ 

becomes    a    well-marked  tail  ee 

entirely  formed  by  the  elon- 
gation of  the  poat-anal  section 
of  the  body.  The  whole  body 
has  a  very  decided  dorsal  flex- 
ure, the  ventral  surface  being 
convex.  Fig.  78  represents  an 
embryo  of  Bombinator  in  side 
view,  with  the  tail  commen- 
cing to  project.  The  longitu- 
dinal section  (fig.  76)  is  taken         ^    ^^^ 

through  an  embryo  of  about  tlia^ii'mTmb™!^?  The  medullary  plate  ii 
the  same  age.       In  the  cephalic      diBtinctly  formed,  but  do  part  of  the  medullary 

region  important  changes  have     <^»l  "  fo'^d'    6'.  blastopore. 

,„f i^r,      rpi °-   1  n„  B,    Older  embryo  after  the  olosure  of  the 

taken  place.  The  cramal  flex-  „edulla,7  canal,  oc.  optic  veeicle.  Behind 
ure  has  become  more  marked,  the  optic  vcaide  ve  seen  too  viscer&l  orcbea. 
but  is  not  so  conspicuous   a 

feature  in  the  Amphibia  as  in  most  other  types,  owing  to  the  small 
size  of  the  cerebral  rudiment.  The  mid-brain  is  shewn  at  fig.  78  a 
forming  the  termination  of  the  long  axis  of  the  body,  and  the  optic 
vesicles  (a')  are  seen  at  its  sides. 

The  rudiments  of  the  mandibular  (d),  hyoid  (e),  and  first  bran- 
chial (e')  arches  project  as  folds   at   the   side  of  the  head,  but  the 


FlO.   77.       EUBBVOS  OF    lOK    COHMON    FBOQ 

(After  Bemak.) 

A.    Young  Btsge   represented  enclosed  v 


Flu.  78.    Latkiul  vilw  or  an  uivakced  iuhbuto  op  BouBiKATon.     (After  Gotle.) 
K.  mid-brain;  a',  eye;  b.  hind- brain;  d.  maodibular  arch;  d'.  Gasfierian  ganRlion; 
r.  hyoid  arch;   ('.first  brancliial  arch;  /.  seTeiith  nerve;  /'.  glossopharyngeel  ami 
vagus  ucrve;  g.  auditory  vesicle;  i.  boundary  between  liver  and  yolk-aaclt;  k.  suctorial 
diec;  t.  pericardial  prominence;  nt.  prominence  formed  by  the  pronephios. 

visceral  clefts  are  not  yet  open.  Rudiments  of  the  proctodeum  and 
stomodieum  have  appeared,  but  neither  of  them  as  yet  communi- 
cates with  the  mesenteron.  Below  the  hyoid  arch  is  seen  a  peculiar 
disc  (fc)  which  is  an  embryonic  suctorial  organ,  formed  of  a  plate  of 
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thickened  epiblast.  There  is  a  pair  of  these  discs,  one  on  each 
side,  but  only  one  of  them  is  shewn  in  the  figure.  At  a  later  period 
they  meet  each  other  in  the  middle  line,  though  they  separate  again 
before  their  final  atrophy.  They  are  found  in  the  majority  of  the 
Anura,  hut  are  absent  according  to  Parker  in  the  Aglossa  (Fipa  and 
Dactylethra  (fig.  83)).  They  are  probably  remnants  of  the  same 
primitive  oi^ans  as  th&  suctorial  disc  of  Lepidosteus. 

The  embryo  continues  to  grow  in  length,  while  the  tul  becomes 

more  and  more  prominent,  and  becomes  bent  round  to  the  side  owing 

to  the  confinement  of  the  larva  within  the  egg  membrane.     At  the 

front  of  the  head  the  olfactory  pits  become  distinct.     The  stomo- 

dsum    deepens,    though    still    remaining    blind,   and    three    fresh 

branchial  arches  become  formed  ;  the  last  two  being  very  imperfectly 

differentiated,-  and  not  vi.Bible  from  the  exterior.     There  are  thus  six 

arches   in  all,   viz.  the   mandibular,   the 

hyoid  and  fourbranchialarches.    Between 

the  mandibular  and  the  hyoid,  and  between 

each   of  the  following  arches,  pouches  of 

the  mesenteron  push  their  way  towards 

the  external  skin.    Of  these  pouches  there 

are  five,  there  being  no  pouch  behind  the 

last  branchial  arch.    The  first  of  these  will 

s        form  the  hyomandibular  cleft,  the  second 

>         the  hyobranchial,  and  the  third, fourth  and 

fifth  the  three  branchial  clefts. 

Although  the  pouches  of  the  throat 
meet  the  external  skin,  an  external  open- 
ing is  not  formed  in  them  till  after  the 
larva  is  hatched.  Before  this  takes  place 
there  grow,  in  tlie  majority  of  forms,  from 
the  outer  side  of  the  first  and  second 
branchial  arches  small  processes,  each  form- 
ing the  rudiment  of  an  external  gill;  a 
similar  rudiment  is  formed,  either  before 
or  after  hatching,  on  thethird  arch;  but  the 
fourth  arch  is  without  it  (figs.  80  and  82). 
These  external  gills,  which  differ  fun- 
damentally from  the  external  gills  of  Elas- 
mobranchii  in  being  covered  by  epiblast, 
Boon  elongate  and  form  branched  ciliated 
processes  floating  freely  in  the  medium 
around  the  embryo  (fig.  80). 

Before  hatching  the  excretory  system  be- 
gins to  develop.  The  Hegmental  duct  is 
formed  an  a  fold  of  the  somatic  wall  at  the 
doi'sal  side  of  the  body  cavity  (fig.  79,  u).  Its 
anterior  end  atone  remains  open  to  the  body- 
cavity,  and  gives  rixe  to  a  pronephros  with 


tHE  lOLS-atCK.  (After  Ootte.) 
a.  roM  of  epiblast  ooDtiiin 
oos  with  tbe  dorsal  fin;  if 
noQralcaril:  m.  laterul  moacle: 
as',  outer  layer  of  laaBcle-plate; 

a.  lateral    pUte  of  meBoblast; 

b.  mesentery;  u.  fold  of  the 
peritoneal  epithelimn  which 
forms  the  eeionental  dact ;  /. 
ftlimentary  tract;  /'.  Tentnl 
diverticulum  which  becomes 
the  liver;  f.  jnnctioQ  o[  ;olk- 
oelU  and  bjpoblaBt^ells ;  d. 
joIkoeBfl. 


3y  Google 


poritoneal  openings,   oppoeite   Ui   which    a  glomeruhiH   i 


formed. 

The  mesonephroa  (permanent  kidney  of  Amphibia)  ia  formed  as  a  series 
of  segmental  tubes  mnch  later  than  the  pronephros,  during  lute  larval  life. 
Itfl  anterior  end  ia  situated  some  distance  behind  the  pronephros,  and  during 
its  formation  the  pronephros  atrophiea. 

The  period  of  hatching  varies  in  different  larvse,  but  in  most 
cases,  at  the  time  of  its  occurrence,  the  mouth  has  not  yet  become  . 
perforated.  The  larva,  familiarly  known  as  a  tadpole,  is  at  first 
enclosed  in  the  detritus  of  the  gelatinous  egg  envelopes.  The  tail, 
by  the  development  of  a  dorsal  and  ventral  fin,  very  aooo  becomes  a 
powerful  swimming  organ.  Growth,  during  the  period  before  the 
larva  begins  to  feed,  is  no  doubt  carried  on  at  the  expense  of  the 
yolk,  which  is  at  this  time  enclosed  within  the  mesenteron. 

The  mouth  and  anal  perforntions  ara  not  long  in  making  their 
appearance,  and  the  tadpole  is  then  able  to  feed.  The  gill  slits  also 
become  perforated,  but  the  hyomandibular  diverticulum  in  most 
species  never  actutdly  opens  to  the  exterior,  and  in  all  cases  becomes 
very  soon  closed. 

There  can  be  but  little  doubt  that  the  hyomandibular  diverticulum  gives 
rise,    as  in  the  Amniota,  to  the  Euatauhian  tube  and  tympanic  cavity, 
except  when  these  are  ab- 
sent (i.  e.  Bombinatoridre). 
GiJtte  holds  however  that 
these    parts    are  derived 

from     the     hyubi-ancliial  i 

cleft,  but  his  statements  i 

on  this  head,  which  would      ; 

involve  US  ingi-eatmorpho-  'f' 

logical  difficulties,  atand  in 

direct  contradictiou  to  the  y 

careful  researches  of  Par- 

Shortly  after  hatch- 
ing,  there  growsout  from 
the  hyoid  arch  on  each 
side  an  opercular  fold  of 
skin,  which  gradually 
covers  over  the  posterior 
branchial  arches  and  the 
external  gills  (fig,  80  d). 
It  fuses  with  the  skin 
at  the  upper  part  of 
the  gill  arches,  and  also 
with  that  of  the  peri- 
cardial wall  below  them ; 
but  is  free  in  the  mid- 
dle,  and    so   assists   in 


Fio.  80.    Tadpoles  wit 


Hiuley;  after  Ecker.) 

A.  IiRteral  view  nf  a  jouDg  tadpole. 

B.  Ventral  view  of  a  somuwbat  older  tadpoli 
kb.  external  bnuicliifl;;  m.  montli;   n.  naeal  sack 

a,  eye;  o.  auditory  veRicle;  i.  horny  jai 
BDcker;  d.  operculaT  fold. 

C.  Mora  adTancod  larva,  in  -whioh  the  opercuUi 
fold  has  nearly  covered  tbo  branohim. 

I.  ventral  eackec;  ki.  external  branchis;  y.  rudi- 
ment of  bind  limb. 


itral 
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(Altet  G6tte.) 

Behind  the  moath 
and  behind  these  are 
through  the  spiiades. 


forming  a  cavity,  known  as  the  branchial  cavity,  in  which  the  gilla 
are  placed.     Each  branctiial  cavity  at  Arst  opens  by  a  separate  widish 
pore  behind  (fig.  80),  and  in  Dactyiethra  both  branchial  apertures 
are  preserved  (Huxley).     In  the  larva  of  Borabinator,  and  it  would 
seem  also  that  of  Alytes  and  Pelodytes,  the  original  widish  openings 
of  the  two  branchial  chambers  meet  together  in  the  ventral  line, 
and  form  a  single  bran- 
chial opening  or  spiracle. 
In  most  other  forms,  i.e. 
Rana,    Bufo,    Pelobates, 
etc.,   the   two    branchial 
chambers  become  united 
by  a  transverse  canal,  and 

F.O.   81.        TaBFOLK     of    BoKWSAtOB    FBOM    THE       ^«,  °V^^^^g    0^  t^e    right 

sack  then  vanishes,  while 
that  of  the  left  remains 
as  the  single  uusymme- 
trical  spiracle.  In  breath- 
ing the  water  is  taken  in 
at  the  mouth,  passes  through  the  branchial  clefts  into  the  branchial 
cavities,  and  is  thence  carried  out  by  the  spiracle. 

Immediately  after  the  formation  of  the  branchial  cavities,  the 
original  external  gills  atrophy,  but  in  their  place  fresh  gills,  usually 
called  internal  gills,  appear  on  the  outer  side  of  the  middle  region  of 
the  four  branchial  arcnes. 

There  is  a  single  row  of  these  on  the  first  and  fourth  branchial 
arches,  and  two  rows  on  the  second  and  third.  In  addition  to  these 
gills,  which  are  vascular  processes  of  the  mesohlast,  covered,  according 
to  Gotte,  with  an  epiblastic(?)  epithelium,  branchial  processes  appear 
on  the  hypoblastic  walls  of  the  three  branchial  clefts.  The  last-named 
branchial  processes  would  appear  to  be  homologous  with  the  gills  of 
Lampreys.  In  Dactyiethra  no  other  gills  but  these  are  formed  (Parker). 
The  mouth,  even  before  the  tadpole  begins  to  feed,  acquires  a 
transversely  oval  form  (fig.  81),  and  becomes  armed  with  provisional 
structures  in  the  form  of  a  horny  beak  and  teeth,  which  are  in  use 
during  larva,  life. 

The  beak  is  formed  of  a  pair  of  horuy  plates  moulded  on  the  upper  and 
lower  pairs  of  labial  cartilages.  The  upper  valre  of  the  beak  is  the  larger 
of  the  two,  and  covers  the  lower.  The  beak  is  surrounded  by  a  projecting 
lip  formed  of  a  circular  fold  of  skin,  the  free  edge  of  which  is  covered  by 
papilla).  Between  the  papilla  and  the  beak  rows  of  horny  teeth  are 
placed  on  the  inner  surface  of  the  lip.  There  are  usually  two  rows  of  these 
on  the  upper  side,  the  inner  one  not  continuous  across  the  middle  line,  and 
three  or  four  rows  on  the  lower  side,  the  inner  one  or  two  divided  into  two 
lateral  parts. 

As  the  tadpole  attains  its  full  development,  the  suctorial  oi^ans 
behind  the  mouth  gradually  atrophy.  The  alimentary  canal,  which 
ia  (fig.  81)  at  first  short,  rapidly  elongates,  and   filb  up   with   its 
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numerous  coils  the  large  body  cavity.     In  the  meantime,  the  lungs 
develop  as  outgrowths  from  the  (Bsophagus. 

Various  fetktures  in  the  anatomy  of  the  Tadpole  point  to  its  being  a 
repetition  of  a  primitive  yertebrate  type.  The  nearest  living  repreaanta- 
tive  of  this  type  appeiirs  to  be  the  Lamprey. 

The  resembltince  between  the  mouths  of  the  Tadpole  and  liuuprey  is  very 
Btiiking,  and  many  of  the  peculiarities  of  the  larval  Hkull  of  the  Anui^a, 
especially  the  position  of  the  Meckeliao  caFliUges  and  the  subocular  arch,  per- 
haps £ad  their  parallel  in  the  skull  of  the  Lamprey'.  The  internal  hypo- 
blastic  gill-sacks  of  the  Frog,  with  their  braudunl  processes,  are  probably 
equivalent  to  the  gill-sacks  of  the  Lamprey' ;  and  it  is  not  impossible  that 
the  common  posterior  openings  of  the  gill-pouches  in  Myxine  are  equiva- 
lent to  the  originally  paired  openings  of  the  branchial  sack  of  the  Tadpole, 

The  resemblances  between  the  Lamprey  and  the  Tadpole  appear  to  me 
to  be  sufficiently  striking  not  to  be  merely  the  results  of  more  or  less 
similai'  habits ;  but  at  the  same  time  there  are  no  grounds  for  supposing 
that  the  Lamprey  itself  is  closely  related  to  an  ancestral  form  of  the 
Amphibia.  In  dealing  with  the  Ganoids  and  other  types  arguments  have 
been  adduced  to  shew  that  there  was  a  primitive  vertebrate  stock  pro- 
vided with  a  perioral  suctorial  disc;  and  of  this  stock  the  Cyclostomabi 
are  the  degraded,  but  at  the  same  time  the  nearest  living  representatives. 
The  resemblances  between  the  Tadpole  and  the  Lamprey  are  probably  due 
to  both  of  them  being  descended  from  this  stook.  The  Ganoids,  as  we  have 
seen,  also  shew  traces  of  a  similar  descent ;  and  the  resemblance  between 
the  larva  of  Dactylethra  (fig.  83),  the  Old  Bed  Sandstone  Ganoids'  and 
Cbimiera,  probably  indicates  that  an  extension  of  our  knowledge  will  bring 
to  tight  farther  affinities  between  the  primitive  Ganoid  and  Holocephalous 
stocks  and  the  Amphibia. 

HetamorphosU.  The  change  imdei^ne  by  the  Tadpole  in  ita 
passage  into  the  Frog  is  so  considerable  aa  to  deserve  the  Dame  of  a 
metamorphosis.  This  metamorphosis  essentially  consists  in  the  re- 
duction and  atrophy  of  a  series  of  provisional  embnronic  ot^;ana,  and 
the  appearance  of  adult  organs  in  their  place.  Tne  stages  of  this 
metamorphosis  are  shewn  in  fig.  82,  5,  6,  7,  8, 

The  two  pairs  of  limbs  appear  nearly  simultaneously  as  small 
buds;  the  hinder  pair  at  the  junctioD  of  the  tail  and  body  (fig.  82,5), 
and  the  anterior  pair  concealed  under  the  opercular  membrane.  The 
lungs  acquire  a  greater  and  greater  importance,  and  both  branchial 
and  pulmonary  respirations  go  on  together  for  some  time. 

When  the  adult  organs  are  sufficiently  developed  an  ecdysie  takes 
place,  in  which  the  gills  are  completely  lost,  the  provisional  homy 
beak  is  thrown  off,  and  the  mouth  lones  its  suctorial  form.  The 
eyes,  hitherto  concealed  under  the   skin,  become  exposed   on  the 

'  Vide  Haiisj,  "Craniofacial  apparalns  of  Petromy^on."  Journal  of  Anal,  and 
Phyt.,  Vol,  1. 1676.  Huile/B  views  about  the  Ucokelian  aroh,  et«.,  are  pianBible,  but 
it  Mema  probable  from  SootCa  obaervationi  thst  true  branohial  bais  are  not  developed 
in  tile  hajnprej.     How  tai  thu  faet  Dsoessarilj  dUproveH  Bnxley'a  views  is  stitl  doubcfnl, 

»  Conf.  Haxl«7  and  Qatle.  »  Cf.  Parker  (No.  107). 
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surface,  and  the  front  limbs  appear  (fig.  82,  6).  With  these  eztemal  - 
chaDges  important  internal  modifications  of  the  mouth,  the  vascular 
system,  and  the  visceral  arches  Xake  place.  A  gradual  atrophy  of 
the  tail,  commencing 
at  the  apex,  next  eete 
in,  and  results  in  the 
complete  absorption 
of  this  organ, 

The  long  alimen- 
tary canal  becomes 
shortened,  and  the,  in 
the  main, herbivorous 
Tadpole  gradually  be- 
comes converted  into 
the  carnivorous  Erog 
(fig.  82,  6,  7,  8). 

The  above  descrip- 
tioD  of  the  metamor- 
phoBiB  of  the  Frog  ap- 
plies fairly  to  the  mS' 
jority  of  the  Aniira, 
but  it  is  aec«8sary  to 
notice  a  few  of  the 
more  instructive  diver- 
gences from  th<!  general 
type. 

In  the  firet  place, 
several  forms  are 
known,  which  ara 
hatched  in  the  coudi- 
tion  of  fie  adiilt.  The 
exact  amount  of  meta- 
morphosis which  these 
forms  pass  through  in 
the  f!gg  is  still  a  matter 
of  some  doubt.  Hy- 
lodes  Martinicensis  is 
one  of  these  forms. 
The  larva  no  doubt 
acquires  within  the  egg  a  long  tail ;  but  while  Bavay'  states  that  it  is 
provided  with  extemi^  gil'si  which  however  are  not  covered  by  an  oper- 
culum, Peters'  was  unable  to  see  any  traces  of  such  structures. 

In  Fipa  Americana,  and  apparently  in  Pipa  dorsigera  also  if  a  distinct 
species,  the  larva  leaves  the  cells  on  the  back  of  the  mother  in  a  condition 
closely  resembling  the  adult.  The  embryos  of  both  species  develop  a  long 
tail  in  the  egg,  which  is  absorbed  before  hatching,  and  according  to  Wyman* 


Flu.  82.  Takpolkh  and  vodno  or  inm  oohmoh  Fboo. 
(From  Mivwt.) 
1.  Reoeutly-batobed  Tadpoles  tirioe  the  oatoral  aize. 
2.  Tadpole  with  external  gills.  2a.  Same  enlBrged. 
H  and  4.  Later  Etages  after  tbe  enolosnre  of  the  gillB  by 
tbe  operanlar  mambrane.  6.  Stage  with  well-dereloped 
hind-limbs  vinble.  6.  Btaga  after  the  eodyBis,  with  both 
pain  of  limbfl  viBible.  7.  Stage  after  partial  atropbj  of 
tbe  tail.    8.   ToungFrog. 


<  Annal.  de  Seienett  Nat.,  Gth  Banes,  Vol.  im.,  1873. 

*  Berlin.  Monattberieht,  1876,  p.  7(0,  and  :'alur<,  April  5,  1877. 

*  Proceed,  of  Bo4Um  Nat.  HUl.  Society,  Vol.  *.,  18M. 
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P.  Americana   is   also  temjK>rdrily  provided   willi   gillM,    wLich   atrophv 

The  larva  of  Rliinodenua  Darwiuii  is  stated  by  Jiminez  de  la  E^pada 
to  be  without  external  gills,  and  it  appears  to  be  hatohed  while  stUl  in  tiie 
larpigeal  pouch  of  the  male.  In  Nototrema  marsupiatum  the  larvce  are 
also  stated  to  be  without  external  gills. 

Amongst  the  forma  with  remarkable  developments  Fsetidis  paradoxa  ' 
deserves  especial  mention,  in  that  the  tadpole  of  this  form  attains  an 
immensely  greater  bulk  than  tbe  adult ;  a  pecaliarity  which  may  be  simply 
a  question  of  nutrition,  or  may  perhaps  he  explained  by  supposing  that  the 
larva  resembles  a  real  ancestral  foiTn,  which  waa  much  larger  than  tbe 
existing  Prog. 

Another  foi-m  of  perhaps  still  greater  morphological  interest  is  the 
larva  of  Dactyletlira.  The  ohief  peculiarities  of  thia  larva  (fig.  83)  have 
been  summariEed  by  Parker  (So.  107,  p.  6S6),  from  whom  I  quote  the 
following  paSHage : 


Fro.  83.     LiATA  or  DACnLBTHBA.    (After  Parker.) 

a.  "The  mouth  is  not  inferior  in  podtioii,  suoterial  and  small,  but  iti 
very  wide  like  that  of  the  '  Siluroids  and  Lophlne;'  has  an  underhung 
lower  jaw,  an  immensely  long  tentacle  from  eadi  upper  lip,  and  iKtaseases 
no  trace  of  the  primordial  homy  jawa  of  the  ordinary  kind. 

6.  "  In  conformity  with  these  characters  the  head  is  extremely  flat  or 
depmsed,  instead  of  being  high  and  thick. 

c.  "There  are  no  claKpers  beneath  the  chin. 

d.  "  The  branchial  orifloe  is  not  confined  to  the  left  side,  but  exists  on 
the  right  side  alea 

e.  "Thetail,likethesku)l,iB  remarkablychimteroidj  it  terminates  in  a 
long  thin  pointed  lash,  and  the  whole  caudal  region  is  narrow  and  elongated 
as  compered  with  that  of  our  ordinary  Batiachian  larrse. 

/.  "  The  fore-limbe  are  not  hidden  beneath  the  opercular  fold." 
Although  most  AuuroQB  embryos  are  not  provided  with  a  sufficient 
amount  of  yolk  to  give  rise  to  a  yolk-sack  as  an  external  appendage  of  the 
embryo,  yet  in  some  forms  a  yolk-sack,  nearly  as  large  as  that  of  Teleostei, 
is  developed.  One  of  these  forms,  Alytes  obstetricans,  belongs  to  a  well- 
known  European  genus  allied  to  Pelobatos.  The  embryos  of  PJpa  dorsigera 
(Parker)  are  also  provided  with  a  very  large  yolk-sack,  round  which  they 
are  coiled  like  a  Teleostean  embryo.  A  large  yolk-sack  is  also  developed 
in  the  embryo  of  Pseudophryne  australis. 

He  actual  complexity  of  the  oi^nization  of  different  tadpoles,  and 
their  relative  size,  as  compared  with  the  adult,  vary  considerably.     The 
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tadpoles  of  Toads  are  the  amallest,  Pseudophryne  australis  excelling  in 
this  respect ;  tbose  of  Pseudis  are  the  largest  known. 

The  external  gUls  reach  in  certain  forms,  which  are  hatched  in  late 
larral  stages,  a  veiy  great  development.  It  seems  however  that  this  de- 
velopment is  due  to  these  gills  being  especially  required  in  the  stages  before 
hatching.  Thus  in  Alytes,  in  which  the  larva,  leaves  the  egg  in  a  stage 
after  the  loes  of  the  external  gills,  these  structures  reach  in  the  egg  a  very 
great  development.  In  Notodelphis  ovipara,  in  which  the  eggs  are  carried 
in  a  donal  pouch  of  the  mother,  the  embryos  are  provided  with  long  vesi- 
cular gills  attached  to  the  neck  by  delicate  threads,  The  fact  (if  confirmed) 
that  someof  the  forma  which  are  not  hatched  till  jxist-lai'va!  stsges  are  with- 
out external  gills,  probably  iodlcates  that  there  may  be  various  contrivances 
for  embryonic  i-espiratiou  ;  and  that  the  external  gills  only  attain  a  great 
development  in  those  instances  In  which  respiration  is  mainly  carried  on 
by  their  means.  The  external  gills  of  Elasmobranchii  are  probably,  as 
stated  in  a  previous  chapter,  examples  of  secondarily  developed  structoree, 
which  have  been  produced  by  the  same  causes  as  the  enlai^ed  gills  tA 
Alytes,  Notodelphia,  etc. 

Urodela.  Up  to  the  preseot  time  complete  observatioDS  od  the 
development  of  the  Urodela  are  conBued  to  the  Myctodera*. 

The  early  stages  are  in  the  main  similar  to  those  of  the  Arnira. 
The  body  of  the  embryo  is,  as  poiated  ou.t  by  Scott  and  Oaborn,  ven- 
trally  instead  of  dorsally  Oexed.  The  metamorpliosis  is  much  less 
complete  than  in  the  Anura.  The  larva  of  Triton  may  be  taken  aa 
typical.  At  hatching,  it  is  provided  with  a  powerful  swimming  tail 
bearing  a  well-developed  fin :  there  are  three  pairs  of  gills  placed 
on  the  three  anterior  of  the  true  branchial  arches. 

Between  the  hyoid  and  first  branchial  arch,  and  between  the  other 
branchial  arches,  slits  are  developed,  there  being  four  slits  in  all. 
At  the  period  j net  before  hatching,  only  three  of  these  have  made 
(  their  appearance.  The  hyomandibular  cleft  is  not  perforated.  Stalked 
'  suckers,  of  the  same  nature  as  the  suckers  of  the  Anura,  are  formed  on 
]  the  neutral  surface  behind  the  mouth.  A  small  opercular  fold,  deve- 
loped from  the  lower  part  of  the  hyoid  arch,  covers  over  the  bases  of 
the  gills.  The  suctorial  mouth  and  the  provisional  homy  beak  of  the 
Anura  have  no  counterpart  in  these  larvae.  The  skin  is  ciliated,  and 
the  ciha  cause  a  rotation  in  the  egg.  Even  before  hatching,  a  small 
rudiment  of  the  anterior  pair  of  limbs  is  formed,  but  the  hind-limbs 
are  not  developed  till  a  later  stage,  and  the  limbs  do  not  attain  to 
any  size  till  the  larva  is  well  advanced.  In  the  course  of  the  sub- 
sequent metamorphosis  lungs  become  developed,  and  a  pulmonary 
respiration  takes  the  place  of  the  branchial  one.  The  branchial  slits 
at  the  same  time  close  and  the  branch!^  atrophy. 

>  In  oonfinnstion  of  this  view  it  ms;  be  meDtioiied  that  id  Pips  Americana  the 
tail  appears  to  fanction  as  a  respiratoiy  organ  in  the  later  etagea  of  development 
(FeterB). 

'  The  reoent  obieryattona  on  this  subject  are  those  of  Scott  and  Oeborn  (No.  1 14) 
on  Tritori,  of  Batobeke  (No.  95)  on  various  species  of  Triton  and  Uie  AioloU,  and  of 
Clark  (No.  ^)  on  Amblystoma  punctatom. 
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The  other  types  of  Myctoderai,  so  far  investigated,  agree  fairly  vitb  the 
Newt 

The  larva  of  Amblystoma  punctatum  (fig.  84)  is  provided  with  two 
very  long  processea  (s),  liko  the  Btictorial  processes  in  Triton,  placed  on  the 
throat  in  front  of  lie  external  gills.  They  are  used  to  support  the  larva 
when  it  sinks  to  the  bottom,  and  have  been  called  by  Clark  (No.  98) 
balancers.  Oa  the  derelopment 
of  the  lintbe,  these  processes  drop 
off'.  The  external  gills  ati-ojihy 
about  one  hundred  days  after 
hatehing- 

II  might  have  been  anticipated 
that  the  Axolotl,  being  a  larval 
form  of  Amblystoma,  would  agree 
in  development  with  Amblyistoma 
punctatuni.  The  oon^icuous  suo- 
toria)  processes  of  the  latter  form 
are  however  represented  by  the 
merest  rudiments  in  the  Axolotl. 

The  young  of  Salamandra 
macolata  leave  the  uterus  with 
external  gills,  but  those  of  the 
Alpine  Salamander  (Salamandra 
atra)  are  bom  in  the  fiilly  de- 
veloped condition  without  gills. 
In  the  uterus  they  pass  through 
a  metamorphoeis,  and  are  provided 
(in  accordance  with  the  principle 
already  laid  down)  with  very  long 
gill-filaments'. 

Salamandra  atra  has  only  two 
embryos,  but  there  are  originally 
a  larger  number  of  eggs  (Von  Sie- 
bold),  of  which  all  bnt  two  fail  to 
develop,  while  their  remains  are 
used  as  pabulum  by  the  two  which 
survive.  Both  species  of  Sala- 
mander have  a  sufficient  quantity 
of  food-yolk  to  give  rise  to  a  yolk-sack. 

Spelerpes  only  develops  three  post-hyoid  arches,  between  which  slits  are 
formed  as  in  ordinary  types.  Menobranchus  and  Proteus  agree  with 
Spelerpes  in  the  number  of  post-hyoid  arches. 

One  of  the  most  remarkable  recent  discoveries  with  reference  to  the 
metamorphosis  of  the  Urodela  was  made  by  Dumeril*.  He  found  that 
some  of  the  larve  of  the  Axolotl,  bred  in  the  Jardin  des  Plantes,  left  the 
water,  and  in  the  course  of  about  a  fortnight  underwent  a  similar  meta- 
morphosis to  that  of  the  Newt,  and  became  converted  into  a  form  agreeing 
in  every  particular  with  the  American  genus  Amblystoma.     During  this 

'  Allen  Ihomson  infonns  me  that  the  created  Newt,  Triton  criitatQB,  is  in  rare 
inslanoes  viviparons. 

*  CmnigUt  Bitubu,  1870,  p.  783. 


FiQ.  St.  Lahtx  op  Akblthtoiu  tdncta- 
DM.    (After  Clark.) 

«.  nasal  pit;  /.  oral  invagination;  tip. 
je;  $.  balanoersi  /.(.  front  limb;  br.  bian- 
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metarDorphosia  a  pulmon&ry  reapiration  take§  the  place  of  a  branchial  on«, 
the  gills  are  \oai,  aud  the  gill-elita  close.  The  tail  loses  its  fin  and  be- 
comes rounded,  the  colour  chaagea,  ajid  alterations  take  place  in  the  gmus, 
teeth,  and  lower  jaw. 

Madame  von  Ohauvin'  was  able,  by  gradually  accustoming  Azoloti 
larvK  to  breathe,  artificially  to  cause  them  to  undergo  the  above  meta- 
morphosia. 

It  seems  very  possible,  as  suggested  by  Weismann*,  that  the  existing 
Axolotls  are  really  descendants  of  Amblystoma  forma,  trhich  have  reverted 
to  a  lowor  stage.  In  favour  of  this  possibility  a  very  iiiterosting  disoovery 
of  Filippi's*  may  t>e  cited.  Ue  fouud  in  a  pond  in  a  marsh  near  Andermat 
some  examples  of  Triton  alpestria,  which,  though  they  had  become  sexually 
mature,  still  retained  the  external  gills  and  the  other  larval  characterB. 
Similar  sexually  mature  larval  forms  of  Triton  taeniatus  have  been 
described  by  Jullien.  These  discoveries  would  seem  to  indicate  that  it 
might  be  possible  artificially  to  cause  the  14'ewt  to  revert  to  a  perenni- 
brauchiate  condition. 

Gymnopfaioiia.  The  development  of  the  Gymnophiona  is  almost 
uukoown,  but  it  is  certain  that  some  larval  forms  are  provided  with 
a  single  gill-cleft,  while  others  have  external  gilla. 

A  gill-cleft  has  been  noticed  in  Epicrium  glutinoaum  (UtiUer), 
and  in  Coecilia  oxyura.  In  Ccecilia  compresBicanda,  Peters  (No.  lo8) 
waa  unable  to  find  any  trace  of  a  gill-cleft,  but  he  observed  in  the 
larvEB  within  the  uterus  two  elongated  vesicular  gills. 
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CHAPTER  VIII. 


INTBODUCnON. 


The  variations  in  the  character  of  the  embryonic  development 
of  the  Amniota  are  far  leas  important  than  in  the  case  of  the  Ichthy- 
opsida.  There  are,  it  is  true,  some  very  special  features  in  the  early 
developmental  history  of  the  Mammalia,  but  apart  from  these  there 
is  such  a  striking  uniformity  in  the  embryos  of  all  the  groups  that 
it  would,  in  many  cases,  be  difficult  to  aasign  a  young  embryo  to 
its  proper  class. 

Amongst  the  Sauropsida  the  Aves  have  for  obvious  reasons  re- 
ceived a  far  fuller  share  of  attention  than  any  other  group ;  and  an 
account  of  their  embryology  forms  a  suitable  introduction  to  this 
part  of  our  subject  For  the  convenience  of  the  student  many  parts 
of  their  developmental  history  will  be  dealt  with  at  greater  length 
than  in  the  case  of  the  previous  groups. 

The  development  of  the  Aves. 
Comparatively  few  types  of  Birds  have  been  studied  embryo- 
logically.     The  common  Fowl  has  received  a  disproportionately  large 
sWe  of  attention ;  although  within  quite  recent  times  the  Duck,  the 

B  A 

Fia.  6E.    Yolk  sufXENis  r 

A.  TeUowyolk.    B.  Whitoyolk. 

Oooae,  the  Pigeon,  the  Starling,  and  a  Parrot  (Melopsittacus  undu- 
latws)  have  alw)  been  studied.  The  result  of  these  investigations  has 
been  to  shew  that  the  variations  in  the  early  development  of  different 
Birds  are  comparatively  unimportant.     In  the  sequel  the  common 
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Fowl  will  be  employed  as  type,  atteution  being  called  when  necessary 
to  tbe  development  of  the  other  forma. 

The  ovum  of  the  Fowl,  at  the  time  when  it  is  clasped  by  the  ex- 
panded extremity  of  the  oviduct,  is  a  laige  yellow  body  enclosed  in  a 
vitelline  membrane.  It  is  mainly  formed  of  spherules  of  food-yolk. 
Of  these  there  are  two  varieties ;  one  known  as  yellow  yolk,  and  the 
other  as  white.  The  white  yolk  spherules  form  a  small  mass  at  the 
centre  of  the  ovum,  which  is  continued  to  the  surface  by  a  narrow 
stalk,  and  there  expands  into  a  somewhat  funnel-shaped  disc,  the  edges 
of  which  are  continued  over  the  surface  of  the  ovum  as  a  delicate 
layer.  Tbe  major  part  of  the  ovum  is  formed  of  yellow  yolk.  The 
yellow  yolk  consists  of  lar^  delicate  spheres,  filled  with  small 
granules.  (f%.  85  A);  while  the  white  yolk  is  formed  of  vesicles  of  a 
smaller  size  than  the  yellow  yolk  spheres,  in  which  are  a  variable 
number  of  highly  refractive  bodies  {fig,  85  B). 

In  addition  to  the  yolk  there  is  present  in  the  ovum  a  small  proto- 
plasmic region,  containing  the  remains  of  the  germinal  vesicle,  which 
forms  the  germinal  disc  (fig.  86).     It  overlies  the  funnel-shaped  disc 


Fia.   S6.     Bicntnf  thbooob  tbb  osriohal  dibo  □*  tbe   repb   otabum   otuh  or  k 

Fowii  1THIL>  TEI  IHaLOSED  HI   IIS  OlPBDtA, 

a.  Connective-tiBflae  oapBole  of  the  ovum;  b.  epitheliom  at  the  cnpsDle,  at  Qie 
mrface  of  vhioh  neaiest  the  ovum  lies  (he  Titelline  membrona ;  c,  granmar  material 
of  the  germiaal  disci,  which  beoomea  conTerted  into  the  blaatodenu.  (This  ie  oot 
very  wfil  repreBented  in  (he  woodoat.  In  Bections  which  have  bean  hardened  in 
ohniniio  acid  it  consists  of  fine  granolea.)  v.y.  white  jolk,  which  passes  inBensibl; 
into  the  fine  granular  material  of  the  disc;  z.  germinal  veeicle  enclosed  In  a  distinct 
membrane,  bat  shriTelled  ap;  y.  spaoe  origin^Lly  oompleCel;  filled  up  by  tbe  germinal 
vesiale,  before  the  latter  was  Snivelled  up. 

of  white  yolk,  into  which  it  is  continued  without  any  marked  line  of 
demarcation.  It  contains  numerous  minute  spherules  of  the  same 
nature  ae  the  smallest  white  yolk  spherules. 

Impregnation  takes  place  at  tbe  upper  extremity  of  the  oviduct. 

In  its  passage  outwards  the  ovum  gradually  receives  its  acces- 
sory coverings  in  the  form  of  albumen,  shell-membrane,  and  shell 
(fig.  87). 

The  s^mentation  commences  in  the  lower  part  of  the  oviduct, 
shortly  before  the  shell  has  b^ua  to  be  formed.  It  is  mero- 
blastic,  being  confined  to  the  germinal  disc,  through  the  full  depth 
of  which  however  the  earlier  furrows  do  not  extend.  It  is  mainly 
remarkable  for  being  constantly  somewhat  uusymmetrical  (K5lliker) 
— a  feature  which  is  not  represented  in  fig,  88,  copied  from  Coste. 
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Owing  ti>  the  absence  of  Bymmetjy  the  celia  at  one  side  of  the  ger- 


FlO.    1)7,       DUORAMUATIC    BKCTIOH    OF  AH    DHIHCUBITED   FoWl'b    £00. 

(Mollified  lirom  Allen  Thomson.) 
bl.  blastoderm;  u.ji-  white  yolk.  This  conaiatH  at  a  oentr&l  flank-Bhaped  maas  and 
a  number  of  UTera  ooncentriaftUy  arranged  around  it.  y.y.  jellow  ;olk;  r.l.  ritel- 
line  membraDe ;  x.  layer  ol  more  floid  ajbtunen  iOimediat^j  Barronnding  the  yolk ; 
tc.  albnmen  oonaietins  of  alternate  denser  and  more  fluid  la;erB;  ehX  shalaza;  a.ch, 
air.c^iamber  at  Uie  oroad  end  of  the  egg.  This  obiUDber  is  merely  a  spaee  left 
between  the  two  layers  of  Ae  Hbell-membrane.  f.(.m.  internal  lajerof  shell-membrane; 
«.m.  eilemal  layer  of  sheU-membrane;  i.  shell 

miual  disc  are  larger  than  those  at  the  other,  but  the  relations  between 


N  W  A  FoWIr'S  BOO. 

(After  Ooste.) 
I.  Tertioal  fnrrow;  e.  small  central  segment;  d.  lai^er 


the  disc  and  the  axis  of  the  embryo  are  not  known.  During  the  later 
stages  the  segmentation  is  irregular,  and  not  confined  to  the  surface  ; 
and  towards  its  close  the  germinal  disc  becomes  somewhat  lenticular 
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AVES. 


in  shape ;  and  is  formed  of  segments,  which 
and  iDcreasfl  in  size  to- 
wards the  periphery  (fig. 
89  and  90).  The  super- 
ficial segmentfl  ib  the 
centre  of  the  germinat 
disc  are  moreover  smaller 
than  those  below,  and 
more  or  less  separated  as 
a  distinct  layer  (fig.  90). 
As  development  proceeds 
the  segmentation  reaches 
its  limits  in  the  centre, 
but  continues  at  the  pe- 
riphery ;  and  thus  even- 
tually the  masses  at  the 
periphery  become  of  the 
same  size  as  those  at  the 
centre.  Atthetime*hen 
the  ovum  is  laid  (fig.  91) 
the  uppermost  layer  of 
segments  has  given  rise 
to  a  distinct  membrane, 
the  epiblast,  formed  of  a 


e  smallest  in  the  centre 


Bmall  central  oegmentation  ■pherefl:  b.  larger 

„     iDtB  cmtaide  these;  a,  large,  imperfeatly  ciicnm- 

Bcribed,  marginal  s^nients;  e.  motgin  of  genaioal 


Flo,    90.    Sboiion   or  ■ 

The  Boction,  which  represents  rather  more  than  hair  tlie  breadth  of  the  blaalodeiin 
(the  mid'lle  lino  being  shewn  at  c),  shew.q  that  Uie  npper  and  central  parts  of  the  diwi 
DBRment  faster  than  those  below  and  towards  the  psripheiy.  At  the  peripherj  the 
HSgntents  are  still  very  large.  One  of  the  lar^r  aeRments  is  shewn  at  a.  In  the 
majority  of  segments  a  nucleus  can  be  aeen ;  aod  it  seems  probable  that  Uie  nuetens 
is  present  in  them  all.  Most  of  the  segments  are  filled  with  highly  refracting  spherales, 
but  these  are  mote  nnmerous  in  some  cells  (especially  the  larger  cells  near  the  yolk) 
than  in  others.  In  the  ceutnil  part  of  the  blastoderm  the  upper  cells  have  commenced 
to  form  a  distinct  layer.     No  segmentation  cavity  is  present. 

a.  large  peripheral  oe!l;  b.  larger  tells  of  the  lower  parta  of  the  blaetoderni ; 
r.  middle  line  o[  blastoderm;  f.  edge  of  the  blastodenn  adjoining  the  white  jolk; 
IT.  white  yolL. 
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single  row  of  columnar  cells  [ep).  The  lower  or  hypoblast  segments 
are  laiger,  in  some  caseB  very  much  larger,  than  those  of  the  epiblast, 
and  are  so  granular  that  their  nuclei  can  only  with  difficulty  be 
seen.  They  form  a  somewhat  irregular  mass,  several  layers  deep,  and 
thicker  at  the  periphery  than  at  the  centre:  they  rest  on  a  bed  of 
white  yoUc,  from  which  they  are  in  parts  separated  by  a  more  or  less 
developed  cavity,  which  is  probably  filled  with  fluid  yolk  matter 
about  to  be  absorbed.  In  the  bed  of  white  yolk  nuclei  are  present, 
which  are  of  the  same  character,  and  have  the  same  general  £ate,  as 

J,  Fla.  91.     Bbotios  or  i  blmtodbbm  of  l  Fowl's  ■oo  iT  thb 

COMHBNCEMBNI    OV    InCDBATIQN. 

The  thin  epiblast  ep  oompoBed  of  columnar  ceils  rests  on  the 
incomplete  lover  layer  (,  composed  of  larger  and  more  granolAT 
hypoblast  cella.  The  lower  layer  is  thioker  in  some  places  than  in 
others,  and  is  especially  thiok  at  the  periphery.  The  line  below  the 
under  layer  marks  the  upper  surface  of  the  white  yolk.  Tlie  larger 
so-oallRd  formative  Cells  are  seen  at  1>,  lying  on  the  white  yolk.  The 
figure  does  not  take  in  quite  the  whole  breadth  of  the  blastoderm; 
but  the  reader  must  understand  that  both  to  the  right  hand  and  to 
the  left  tp  is  continued  farther  than  I,  so  that  at  the  extreme  edge 
it  reets  dii«ctly  on  the  white  yolk. 

those  in  Elasmobranchii.  They  are  generally  more 
numerous  id  the  neighbourhood  of  the  thickened  peri* 
phery  of  the  blastoderm  than  elsewhere.  Peculiar 
large  spherical  bodies  are  to  be  found  amongst  the 
lower  layer  cells,  which  superficially  resemNe  the 
larger  cells  around  them,  and  have  been  called  forma- 
tive cells  \yide  Foster  and  Balfour  (No.  126)],  Their 
real  nature  is  still  very  doubtful,  and  though  some  are 
no  doubt  tnie  cells,  others  are  perhaps  only  nutritive 
masses  of  yolk.  In  a  surface  view  the  blastoderm,  as 
the  segmented  germinal  disc  may  now  be  called,  ap- 

Sears  as  a  circular  disc;  the  central  part  of  which  is 
Lstinguished  from  the  peripheral  by  its  greater  trans- 
parency, and  forms  what  is  known  iu  the  later  stages 
as  the  area  pellucida.  The  narrow  darker  ring  of 
blastoderm,  outside  the  area  pellucida,  is  the  com- 
mencing area  opaca. 

As  a  result  of  incubation  the  blastoderm  under- 
goes a  series  of  changes,  which  end  in  the  definite 
formation  of  three  germinal  layers,  and  in  the  esta- 
*>  blisbment  of  the  chief  systems  of  organs  of  the  embryo. 
The  more  important  of  these  changes  are  accomplished 
.B  in  the  case  of  the  common  Fowl  during  the  first  day 
and  the  early  part  of  the  second  day  of  incubation. 

There  is  hai-dly  any  question  in  development  which  has 
been  the  subje.;t  of  so  much  controversy  as  tba  node  of 
formation  of  the  geniiinat  layers  in  the  common  Fowl,  The 
ditferancen  iu  the  views  of  authors  have  been  caused  to  a 
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large  extent  by  the  difficulties  of  the  investigation,  but  perhaps  still  more 
by  the  fact  that  manj  of  the  ohservations  were  made  at  a  time  when  the 
methods  of  making  sections  were  very  inferior  to  those  of  the  present  day. 
The  subject  itself  ia  by  no  means  of  an  importance  commenanrate  with  the 
attention  it  has  received.  The  characters  which  belong  to  the  formation  of 
the  layers  in  the  Sauropsida  ara  secondarily  derived  from  those  in  the  Ich- 
thyopsida,  and  are  of  but  little  importance  for  the  general  questions  which 
concern  the  nature  and  origin  of  the  germinal  layers.  In  the  account  in  the 
sequel  I  have  avoided  as  much  as  possible  discussion  of  controverted  points. 
My  statements  are  founded  in  the  main  on  my  own  observations,  more  espe- 
oially  on  a  recent  investigation  carried  on  in  conjunctioD  with  my  pupil, 
Mr  DeightcD.  It  is  to  Kolliker  (No,  135),  and  to  Gaaser  (No.  127)  that 
the  most  important  of  the  more  recent  advances  in  our  knowledge  are  due. 
Kolliker,  in  his  great  work  on  Embryology,  definitely  established  the 
essential  connection  between  the  primitive  streak  and  the  formation  of 
the  mesoblaxt;  but  while  confirming  bis  statement  on  this  head,  I  am 
obliged  to  differ  from  him  with  reference  to  some  other  points. 

Gasser's  work,  especially  that  part  of  it  which  relates  to  the  passages 
leadiug  from  the  neural  to  the  alimentary  canal,  which  he  was  the  first 
to  discover,  is  very  valuable. 

The  blastoderm  gradually  grows  id  size,  and  extends  itself  over 
the  yolk ;  the  growth  over  the  yolk  being  very  largely  eflfected  by 
an  increase  in  the  size  of  the  area  opaca,  which  during  this  process 
becomes  more  distinctly  marked  off  from  the  area  pellucida.  The 
area  pellucida  gradually  assumes  an  oval  form,  and  at  the  same  time 
becomes  divideS  into  a  posterior  opaque  region  and  an  anterior  trans- 
parent region.  The  posterior  opacity  is  named  by  some  authors  the 
embryonic  shield. 

During  these  changes  the  epiblast  (fig.  92)  becomes  two  layers 
deep  over  the  greater  part  of  the  area  pellucida,  though  still  only  cue 
cell  deep  in  the  area  opaca.  The  irregular  hypoblast  spheres  of  the 
unincul^ted  blastoderm  flatten  themeelven  out,  and  unite  iuto  a 
definite  hypoblastic  membrane  (fig.  92).     Between  this  membraue 


Fia.  92.    TaiNSTEBSK 


and  the  epiblast  there  remain  a  number  of  scattered  cells  (fig.  92) 
which  cannot  however  be  said  to  form  a  definite  layer  altogether 
distinct  from  the  hypoblast.     They  are  almost  entirely  confined  to 
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tlie  posterior  part  of  the  ai'ea  pelhicida,  and  give  rise  to  the  opacity 
of  that  part. 

At  the  edge  of  the  area  pellucida  the  hypoblast  becomes  con- 
tinuous with  a  thickened  rim  of  material,  undeitying  the  epiblast,  and 
derived  from  the  oi^nal  thickened  edge  of  the  blastoderm  and  the 
subjacent  yolk.  It  is  mainly  formed  of  yolk  granules,  with  a  varying 
number  of  cells  and  nuclei  imbedded  in  it.  It  is  known  as  the 
germinal  wall,  and  is  spoken  of  more  in  detail  on  pp.  132  and  133. 

The  changes  which  nest  take  place  result  in  the  complete  differ- 
entiation of  the  embryonic  layers,  a  process  which  is  intimately  con- 


Fro.   93.      DllOHAHB 

A.  I^rpeoffrog.    B.  Elosmobranoh  tjrpe.     G.  Amniotic  Vertebrate. 
ng.  mednllaiT  plate  i  nt.  neorenteric  canal;  bl.  portion  ol  blastopore  adjoining  the 


D  B  this  put  of  the  bloBtopoie  is  tormed  b;  the  edges  of  the  blasto- 
denn  meeting  and  forming  a  lineftr  atreak  behind  the  embrTo;  and  in  C  it  forma  tbe 
Ktrnotuie  known  as  the   priinitiTe  atreak.    yk.  part   of  ;olk  not  ^et  encloBed   b; 

the  blastodeim. 

nected  with  the  formation  of  the  structure  known  as  the  primitive 
streak.  The  meaniiw  of  the  latter  structure,  and  its  relation  to  the 
embryo,  can  only  be  uaderstood  by  comparison  with  the  development  of 
the  forms  already  considered.  The  most  striking  peculiarity  in  tbe  first 
formation  of  the  embryo  Bird,  as  also  in  that  of  the  embryos  of  all  Am- 
niota,  consists  in  the  fact  that  they  do  not  occupy  a  position  at  the  edge 
of  the  blastoderm,  byt  are  placed  near  its  centre.  Behind  the  emhi^o 
uiere  is  however  a  peculiar  structure — the  primitive  streak  above  men- 
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tioned — which  is  a  linear  body  placed  in  the  poBterior  region  of  the 
blastoderm.     This  hod;,  the  nature  of  which  will  be  mote  fully  ex- 
plained in  the  chapter  on  the  comparative  development  of  Vertebrates, 
IS  really  a  rudimentaiy  part  of  the  blastopore,  of  the  eame  nature  as 
the  linear  streak  behind  the  embryo  in  Elasmobranchii  formed  hy  the 
concrescence  of  the  edges  of  the  blastoderm  {m'de  p.  52) ;  although 
there  is  no  ontogenetic  process  in  the  Amniota,  like  the  concrescence 
in  Elaamobranchii.     The  relations  of 
the  blastopore  in  Elasmobranchii  am) 
Aves  is  shewn  in  figs.  B  and  C  of  the 
diagram  (fig.  93). 

In  describing  in  detail  the  aucceed- 
iDg  changes  we  may  at  first  confine  o^ 

our  attention  to  the  area  pellucida. 
As  this  gradually  assumes  an  oval 
form  the  posterior  opacity  becomes  re- 
placed by  a  very  dark  mt^dian  streak, 

which  extends  forwards  some  distance  y, 

from  the  posterior  border  of  the  area 
(fig.94j.      This  is  the  first  rudiment  /""■' 

of  the  primitive  streak.  In  the  region  t'""- 
in  front  of  it  the  blastoderm  is  still  ^^,^0 
formed  of  two  layers  only,  but  in  the  «iiBt  ip 
region  of  thestreakitselfthestructure  pr,,. 
of  the  blastoderm  is  greatly  altered,  psliucida;  a.op.  areaopaca. 
Tbe  most  important  features  in  it  are 

represented  in  fig,  ilo.  This  figure  shews  that  the  median  portion 
of  the  blastoderm  has  become  very  much  thickened  (thus  producing 
the  opacity  of  the  primitive  streak),  and  that  this  thickening  is  caused 


Fici.  96.     Thanivbbbb 


by  a  proliferation  of  rounded  cells  from  the  epiblast  In  the  very 
young  primitive  streak,  of  which  fig.  95  is  a  section,  the  rounded 
cells  are  still  continuous  throughout  with  the  epiblast,  but  they  form 
nevertheless  the  rudiment  of  the  greater  part  of  a  sheet  of  meso- 
blast,  which  will  soon  arise  in  this  region. 
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In  addition  to  the  cella  clearly  derived  from  the  epiblast,  there 
are  certain  other  cells  {vide  fig.  95),  closely  adjoining  the  hypoblast, 
which  appear  to  me  to  be  the  derivatives  of  the  cells  interposed  between 
the  epiblast  and  hypoblast,  which  gave  rise  to  the  posterior  opacity 
in  the  blastoderm  during  the  previous  stage.  In  my  opinion  these 
cells  also  have  a  share  in  forming  the  iiiture  mesoblast 

The  number  and  distribution  of  these  cells  is  subject  to  not  inconsider- 
able variations.     lu  a  fair  numliei'  of  cases  they  are  entirely  congregated 
along  the  line  of  the  primitive  streak,  leaving  the  sides  of  the  blastoderm 
quite  free.     They  then  form  a  layer,  which  can  only  with  difficulty  be 
distinguished  from  the  cells  derived  from  the  epiblast  by  slight  peculiari- 
ties of  staining,  and  by  the  presence  of  a  considerable  proponion  of  large 
granular  cellH.     It  is,  I  believe,  by  the  study  of  such  blastoderms  that 
Eijlliker  has  been  led  to  deny  to  the  intermediate  cells  of  the  previous  stage 
any  share  in  the  formation  of  the  mesolilast     In  other  instances,  of  which 
fig.   95  is  a  fairly  typical  exaaijile,   they  are  more  widely  scattered.     To 
follow  with  absolute  certainty  the  history  of  these  cells,  and  to  prove  that 
they  join  the  nieeoblast  is  not,  I  believe,  possible  by  means  of  sections, 
and  I  must  leave  the  reader  to  judge  how 
far  the  evidence  given   in  the  sei^uel  is 
sufficient  to  justify  my  opinions  on  this 
subject. 

In  the  course  of  further  growth 
the  area  pellucida  soon  becomes  pyri- 
form,  the  narrower  extremity  being  the 
posterior.  The  primitive  ati-eak  (fig.  96) 
elongates  considerably,  so  as  to  occupy 
about  two-thirds  of  the  length  of  the 
blastoderm;  but  its  hinder  end  in 
many  instances  does  not  extend  to  the 

?)sterior  border  of  the  area  pellucida. 
he  median  line  of  the  prindtive  streak 
becomes  marked  bv  a  shallow  groove, 

1?T.i    QR        a.'..-...-  .rt^...  »<■  *»■>        ,  ,  .       *.     .  a  ' 

known  as  the  primitive  groove. 

During  these  changes  in  external 
appearance  there  grow  from  the  sides 
pr.  primitive  Btreak  with  primi-     of  the   primitive    streak    two    lateral 
ive  groove ;  af.  amiiiotio  o   .  -wings  of  mesoblast  cells,  which  gradu- 

p.lS..'".'i:ik'Sf  Sr.x.S!     f  y  »«"<i, 'iU.  ^^y  reach  th,  .fde,  of 
BioD  of  the  me»}bltut.  the  area  pellucida  (fig.  97).     1  be  meso- 

blast still  remains  attached  to  the  epi- 
bUst  along  the  line  of  the  primitive  streak.  During  this  extension 
many  sections  through  the  primitive  streak  give  an  impression  of  the 
mosoblast  being  involuted  at  the  lips  of  a  fold,  and  so  support 
the  view  above  propounded,  that  the  primitive  streak  is  the  rudiment 
of  the  coalesced  lips  of  the  blastopore.  The  hypoblast  below  the 
primitive  streak  is  always  quite  independent  of  the  mesoblast  above, 
though  much  more  closely  attached  to  it  in  the  median  line  than  at 
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the  sides.     The  part  of  the  mesoblasl,  which  I  believe  to  be  derived 


yA 


Flo.  97.     Tbahsverse  s 


from  the  primitive  hypoblast,  can  generally  be  distinctly  traced.  In 
many  ca.ses,  especially  at  the  front  end  of  the  primitive  streak,  it 
forms,  as  in  fig.  97,  a  distinct  layer  of  stellate  cells,  quite  unlike  the 
rounded  cells  of  the  mesoblastic  involution  of  the  primitive  streak. 

In  the  region  in  front  of  the  primitive  streak,  where  the  first  trace  of 
the  embryo  will  shortlyappear,  the  layers  at  first  undergo  no  important 
changes,  except  that  the  hypoblast  becomes  somewhat  thicker.  Soon, 
however,  as  shewn  in  longitudinal  section  in  fig.  98.  the  hypoblast 
along  the  axial  line  becomes  continuous  behind  with  the  front  end  of 
the  primitive  streak.     Thus  at  this  point,  which  is  the  future  hind 
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end  of  the  embryo,  the  mesoblast,  the  epiblast,  and  the  hypoblast  all 
UDite  together ;  just  as  they  do  in  all  the  types  of  Iclithyopsida. 

Shortly  afterwarda,  at  a  slightly  later  stage  than  that  represented 
in  fig,  96,  an  important  change  takes  place  in  the  constitution  of  the 
hypoblast  in  front  of  the  primitive  stcL^ak.  The  rounded  cells,  of  which 
it  is  at  first  composed  (fig.  98),  break  up  into  (1)  a  layer  formed  of  a 
single  row  of  more  or  less  flattened  elements  below— the  hypoblast — 
and  (2)  into  a  layer  formed  of  several  rows  of  stellate  elements,  between 
the  hypoblast  and  the  epiblast — the  mesoblast  (fig.  99).  A  separation 
between  these  two  layers  is  at  first  hardly  apparent,  and  before  it  has 
become  at  all  well  marked,  especially  in  the  median  line,  an  axial 
opaque  line  makes  its  appearance  in  surface  views,  continued  forwards 
from  the  front  end  of  the  primitive  stjeak,  hut  stopping  short  at  a 


FtO.     99.        TftANiTEHSE    BECnOH    THBOnOH    T 


semicircular  fold — the  future  head-fold — near  the  front  end  of  the 
area  pellucida.  In  section  (fig.  100)  this  opaque  line  is  seen  to  be 
due  to  a  special  concentration  of  cells  in  the  form  of  a  cord.  This 
cord  is  the  commencement  of  the  notochord  {ch).  In  some  instances 
the  commencing  notochord  remains  attached  to  the  hypoblast,  while 
the  mesoblast  is  laterally  quite  distinct  {aide  fig.  100),  and  is  there- 
fore formed  in  the  same  manner  as  in  most  Icbthyopsida ;  while  in 
other  instances,  and  always  apparently  in  the  Goose  (Gasser,  No.  127), 
the  notochord  appears  to  become  diiferentiated  in  the  already  sepa- 
rated layer  of  mesoblast.  In  all  cases  the  notochord  and  the  hypoblast 
below  it  unite  vdth  the  front  end  of  the  primitive  streak;  with  which 
also  the  two  lateral  plates  of  mesoblast  become  continuous. 

From  what  has  just  been  said  it  is  clear  that  in  the  region  of  the 
embryo  the  mesoblast  originates  as  two  lateral  plates  split  off  &om 
the  hypoblast,  and  that  the  notochord  originates  as  a  median  plate, 
simultaneously  with  the  mesoblast,  with  which  it  may  sometimes  he 
at  first  continuous. 

Kolliker  holds  that  the  mesoblast  of  the  region  of  the  enibryo  is 
derived  from  a  forward  growth  irom  tbe  jiriniitive  streak.  There,  is  no 
theoretical  objection  to  this  view,  and  I  think  it  would  be  impossible  to 
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shew  for  certain  by  sections  whether  or  not  there  is  a  growth  snch  aa  he 


ep.  epiblast;  J^.  hjpoblasC ;  «h.  notochord ;  trx.  meaoblost;  n.  nnolei  of  the  genni- 
nal  woU  yk. 

describra ;  but  Gnnh  sections  as  that  repreeented  in  fig.  09  (and  I  have 
seriea  of  similar  sections  from  several  embrjos)  appear  to  me  to  be  conclu- 
sive  in  favour  of  the  view  that  the  meaoblast  of  the  region  of  the  embryo 
is  to  a  lai^  extent  derived  from  a  differentiation  of  the  primitive  hypoblast. 
I  am  however  inclined  to  believe  that  some  of  the  mesolilnst  cells  of  the 
embryonic  region  have  the  derivatioD  which'  Kiilliker  ascribes  to  sll  of 
them. 

As  regards  the  mesoblast  of  the  primitive  streak,  in  a  purely  objective 
description  like  that  given  above,  the  greater  part  of  it  may  fairly  be  de- 
scribed 88  being  derived  from  the  epiblaat.  But  if  it  is  granted  that  the 
primitive  streak  corresponds  with  the  bl^topove,  it  is  obvious  to  the  com- 
parative enibryologist  that  the  mesoblast  derived  from  it  really  originates 
from  the  lips  of  the  blastopore,  as  in  so  many  other  cases ;  and  thst  to 
describe  it,  without  explanation,  as  arising  from  the  epiblaat,  would  give 
an  erroneous  impression  of  the  real  nature  of  the  process. 

The  differentiation  of  the  embryo  may  be  siud  to  commence  with 
the  formation  of  the  notochnrd  and  the  lateral  plates  of  mesoblast 
Very  shortly  after  the  formation  of  these  structures  the  axial  part  of 
the  epiblast,  above  the  notochord  and  in  front  of  the  primitive  streak, 
which  is  somewhat  thicker  than  the  lateral  parts,  becomes  diffor- 
entiated  into  a  distinct  medullary  plate,  the  sides  of  which  form  two 


Fia.  101.    Tbansvxbsb  u 
Th0  Bection  passes  through  the  medullar;  groove  ntc.,  at  soa 
front  end. 

A.  eplblut.     B.  mesablBBt.     O.  liTpoblast. 

ni.c.  mednUar;  groove;  n./.  mednllaiy  fold;  ch.  notochord. 


:  distance  behind  it 
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fulds — tlie   medullary  folds — enclosing   betwi'en    tliem   a  medullary 
groove  (fig,  lOlj. 

In  front   the  two   medullary  folds  meet,  while  |J08teriorly  they 

thill  out  and  envelop  between  them  the  front  end  of  the  pnmitive 

streak.     On  the  formation  of  the  medullary  folds  the  embryo  aaaumes 

a  form  not  unlike  that  of  the  embryos  of  many  Ichthyopsida  at  a 

eorresponding  stage.     The  appearance  of  the  embryo,  and  its  relation 

to  the  surrounding  parts  is  somewhat  diagrammatically  represented  in 

fig.  102,    The  primitive  streak  now 

ends  with  an  anterior  swelling  (not 

lepresented  in  the  figure),  and  is 

usually  somewhat  unsymmetrical. 

*  In   most  cases   its    asis  is   more 

nearly  continuous  with  the  left,  or 

sometimes  the  right, medullary  fold 

than  with   the  medullary  groove. 

In  Rectious  its  fnint  end  appears 

i'.s  ;t  ridge  on  one  side  or  on  the 

middle  of  the  floor  of  the  widened 

end  of  the  medullary  groove. 

The  mesohlaat  and  hypoblast, 
within  the  area  pellucida,  do  not 
give  rise  lo  the  whole  of  these  two 
layers  in  the  surrounding  area 
opaca;  but  the  whole  of  the  hy- 
poblast of  the  area  opaca,  and  a 
lai^e  portion  of  the  mesoblast,  and 
possibly  even  some  of  the  epiblast, 
take  their  origin  from  the  peculiar 
„,      mo      □  -.  „■  ^^^     material  already  spoken  of,  which 

PIO,      iMJ.         BuHFACE      VIEW     OF     TUE  -■    .    '  ,      . 

forms  the  germmal  wall,  and  is 
continuous  with  the  hypoblast  at 
the  edge  of  the  area  opaca  (vide 
figs.  91,  !>4,  !)7,  98,  99, 100;. 


None  of  the  opaque  areit  ia  Bhevn, 
the  pear-ahaped  outlme  indicating  the 
limits  or  the  pellucid  area. 

At  tlic  hin^ler  part  of  the  area  ig 
Keen  the  primitive  ([roove  pr..  with  ita 
nearly  patallel  walla,  iaAiag  away  be- 
hind, but  curvinK  round  and  meeting 
in  front  so  as  to  form  a  ilirtiijct  an- 
terior termination  to  the  groove,  ahont 
halfway  np  tlio  pellncid  area. 

Above  the  primitive  firoove  is  Been 
th'^  meilnliary  nmnve  m.c,  with  the  me- 
dtillary  foldn  A.  These,  diverging  behind, 
nlope  away  on  either  side  of  the  primi- 
tive groove,  while  in  front  they  cutto 
round  and  meet  each  other  close  upon 
a  curved  line  which  representB  the  head- 
fold. 

The  (letond  curved  line  in  front  of 
and  conoentric  with  the  tirst  is  the 
commencing  tiild  of  the  amnion. 


The  exact  nature  of  this  material 
lias  been  the  subject  of  many  con- 
troversies. Into  these  controveraies 
it  is  not  my  pnr|>ose  to  enter,  but 
aulyoined  arc  the  rennlt*  of  my  own 
examination.  The  geiminal  wall  jirst 
consists,  as  already  mentioned,  of  the 
lower  cells  nf  the  thickened  edge  of 
the  blastodenn,  and  of  tlie  8ub,iacent 
yolk  material  with  nuclei.  During 
the  pi'riod  before  the  formation  of  the 
primitive  streak  the  epibtast  extemls 
itself  over  the  yolk,  partly,  it  appears, 
at  the  expense  of   the   cella   of  thf> 
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geminal  wall,  and  possibly  even  of  cells  formed  around  the  auclei  in 
tliiH  pai't.  Tliifl  Diode  of  growtli  of  the  epibltut  is  very  siniilnr  to  that 
in  the  epibolic  gastrulos  of  laaay  Invertebrmta,  of  the  [jKmprey,  etc.; 
but  bow  far  thu»  process  is  continued  in  the  subKequent  exteuRion  of  the 
e]>iblaat  I  am  uiiable  to  say.  Tlie  cells  of  the  germiual  wnlj,  which  are  at 
liist  well  Hepanit«d  from  the  yulk  below,  become  gradually  absorbed  in 
the  growth  of  the  hy;>oblaat,  and  the  reiuftining  cells  and  yolk  tlien  become 
tiiiagleU  together,  and  constitute  a  compound  structure,  continuous  at  its 
inner  bonier  with  the  hyt)o!ilu»t.  This  structure  in  the  germinal  uall 
usually  so  described.  It  is  mainly  formed  of  yolk  granules  with  numerous 
nuclei,  and  a  sjmewhat  variable  number  of  lai^isii  cells  imbedded  amongst 
them.  The  nuclei  tyiiicaily  furm  a  Bj)ecial  layer  immediately  below  the 
epihlsst,  some  of  which  are  pi-obably  enclosed  by  a  definite  cell-body.  A 
sjiecial  maai  of  nuclei  {vidii  tigs.  98  and  100,  n)  is  usually  present  at  the 
junction  of  the  hypoblast  with  the  geiminul  wall. 

Ths  g^^rmioal  wall  at  this  stage  cnri'e»j>ondH  in  many  rcsgiects  with 
the  granular  material,  forming  a  ring  below  the  edge  of  the  blastoderm  in 
Teleostei. 

It  retains  the  characters  above  enumerated  till  near  the  close  of  the 
first  diiy  of  incubation,  i.e.  tilt  several  meeoblaslic  somites  have  liecome 
established.  It  then  becomes  more  distinctly  separated  from  the  subjacent 
yolk,  and  its  component  paits  change  very  considerably  in  charachn-.  The 
whole  WHill  becomes  much  less  granular.  It  is  then  mainly  fonned  of 
lai^e  vesicles,  which  ofleu  assume  a  palisade-like  arrangement,  and  coii- 
taii)  gmnulHr  balls,  spherules  of  white  yolk,  and  in  an  early  stage  a 
good  deal  of  granular  matter  (vitle  fig.  11-5).  These  bodies  have  sumu 
resemblance  to  cells,  and  have  been  regarded  as  such  by  Kulliker  (No.  135) 
and  Vii-chow  (No.  150)  :  they  contain  however  nothing  which  csn  I*  con- 
sidered as  a  nucleus.  Between  them  however  nuclei '  may  ea»ily  be  seen 
ill  8j>ecimens  hardened  in  picric  acid,  and  stained  witli  hteniatoxylin  (these 
nuclei  are  not  shewn  in  fig.  115).  These  nuclei  are  about  the  same  size 
Its  those  of  the  Itypoblsat  cells,  and  are  surrounded  by  a  thin  layer  of 
granul.ir  protoplasm,  which  is  continuous  with  a  mesbwork  of  granular 
protoplHsm  enveloping  the  above  described  vesicles.  The  germinal  wall 
is  still  continuous  with  the  hyiwhlaet  at  its  edge;  and  close  to  the 
junction  of  the  two  the  hyjioblast  at  first  forms  a  layer  of  moderately 
i^ulumnar  cells,  one  or  two  deep  and  dii-ectly  continuous  with  the  ger- 
miuiil  wall,  and  at  a  lattr  period  usually  consists  of  a  mass  of  rounder 
cell'  lying  above  the  somewhat  abrupt  inner  eilge  of  the  germinal  wall. 

The  germinal  wall  certainly  gives  rise  to  the  hypoblast  cells,  which 
niaiuly  grow  at  its  exi)euse.  They  arise  at  the  edge  of  the  area  pellucida, 
and  when  first  formed  are  miirkedly  columnar,  and  enclose  in  their  proto- 
plasm one  of  the  smiiller  vesicles  of  the  germinal  wall. 

In  (he  later  stages  (fourth  day  and  onwards)  the  whole  germinal  wall 
is  stated  to  break  up  into  columnar  hypoblast  cells,  each  of  them  mainly 
formed  of  one  of  the  vesicles  just  siiokon  of.  After  the  commencing 
fornifltioD  of  the  embryo  the  mesoblast  becomes  established  at  the  inner 
ed^'c  of  the  area  ojiaca,  betweetk  the  germinal  wall  and  the  cpiblast ;  and 
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givpa  rise  to  the  tisHue  which  eventually  forma  the  area  vasciilosa.  It  seeiusi 
jirohablu  that  the  mefloblasC  in  this  situation  is  mainly  derived  from  cells 
formed  around  the  nuclei  of  the  genuinul  wall,  which  are  usually  specially 
Bggregat^xl  close  below  the  e[>ibl^t.  Diese  (No.  122)  has  eapecially  brought 
evidence  in  favour  of  this  view,  and  my  own  obBervations  also  support  it 

The  mesoblasiic  somites  begin  to  be  formed  in  the  lateral  plates 
uf  the  mesoblast  before   the  closure   of  the  medullary  folds.     The 
first  uomite  arises  close  to  the  foremost  extremity  of  the  primitive 
streak,  but  the  next  ia  stated  to  arise  in  front  of  this,  so  that  the  first 
formed  somite  corresponds  to  the  second  permanent  vertebra'.     The 
region  of  the  embryo   in  front  of  the    second   formed   somite — at 
tirst  the  largest  part  of  the  embryo — is  the  cephalic  region.     The 
somites  following  the  second  are  formed  in  the  regular  manner,  from 
befoie   backwards,  out  of  the    unsegniented   posterior   part   of  the 
embryo,   which    rapiilly   grows   in   length    to   supply  the  necessary 
material  (tig.   i03j.     As  the  somites  retain  during  the  early  stages 
of  development  an  approximately  constant  breadth,  their  number 
is  a  fail-  teat  of  the  length  of  the  trunk.     With  the  growth  of  the 
embryo  the  primitive  streak  is  continually  carried  back,  the  length- 
ening of  the  embryo  always  taking  place  between  the   front  end 
of  the  primitive  streak  and  the  last  somite ;  and  during  this  process 
the  primitive  streak  undergoes  important 
changes  both  iu  itself  and  in  its  relation 
to  the  embrj'o.     Its  anterior  thicker  part, 
which  is  enveloped  in  the  diverging  me- 
dullary folds,  soon    becomes  distinguished 
in  structure  from  the  part  behind  this,  and 
placed    symmetrically   in   relation   to   the 
axis  of  the  embryo  (fig.  103,  a.pr),  and  at 
the  same  time  the  medullary  folds,  which 
at  first  simply  diverge  on  each  side  of  the 
primitive  streak,  bend  in  again  and  meet 
behind  so  as  completely  to  enclose  the  front 
part  of  the  primitive  streak.    The  region  of 
the  embryo  bird,  where  the  medullary  folds 
diverge,  is  known  ikS  the  sinus  rhomboid- 
Fill.  103.    DoniuL  viKw  ok    *''^'  ^^ough  it  has  no  connection  with  the 
TKK  HAKDENED  BLAHTODEHu  OF    similarly  uamcd  structure  in  the  adult    By 
A  CHICK  WITH  KITE  MEsoBus-     (ihe  time  that  ten  somites  are  formed  the 
(■oi.oh"havk  vrx'taR^r^vtVi    s'"""  rhomboidalis  is  completely  established, 
THRiB  ExtKNT,  BUT  HATE  NOT     ^I'd  the  meilullaTy  groove  has  become  con- 
'"'tkh.  verted  into  a  tube  till  close  up  to  the  front 

tt.pr.  anlci-ior  purt  of  tUe     gild  of  the  sinua.     In  the  following  stages 
primitive   atreak:    p.vr,    ikw-      .1         t  r.i  in  1        .       1 

terior  part  of  the  primitive  *''®  closure  of  the  medullary  canal  extends 
Ktrenk.  to  the  sinus  rhomboidalis,  and  the  folding 

'  Fnrtlifr  iiiTeMtigatioiiK  in  conSnnaiion  of  this  widely  aocepted  stAtement  are  very 
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off  of  the  hind  end  of  the  embryo  from  the  yolk  commences.  Co- 
incidently  with  the  last-named  changea  the  sides  of  the  front  part  of 
the  primitive  streak  become  thickened,  and  give  rise  to  conspicuous 
caudal  swethngs;  in  which  the  layers  of  the  emhryo  are  indis- 
tinguishahly  fused.  The  apparently  hinder  part  of  the  primitive 
streak  becomes,  as  more  particularly  explained  io  the  sequel,  folded 
downwards  and  forwards  on  the  ventral  side. 

This  is  a  convenient  place  to  notice  remarkable  appearances  which 
present  themselves  close  to  the  junctton  of  the  neural  plate  and  the  primi- 
tive streak.  These  are  temporary  passages  leading  from  the  binder  end  of 
the  neural  tube  into  the  alimentary  canal.  They  vary  somewhat  in  different 
species  of  birds,  and  it  appeari  that  in  the  same  species  there  may  be 
several  openings  of  the  kind,  which  appear  one  after  the  other  and  then 
close  again.  They  were  first  discovered  by  Gasser  (No.  127),  In  all  cases' 
they  lead  round  the  posterior  end  of  the  notochord,  or  through  the  [loint 
where  the  notochord  foils  into  the  primitive  streak. 

If  the  primitive  streak  is,  us  I  believe,  formcid  of  the  lips  of  the  blasto- 
pore, there  can  be  but  little  doubt  that  these  structares  are  disappearing, 
and  funotionleBB  rudiments  of  the  opening  of  the  blastopore,  and  they  thus 
leed  support  to  my  view  as  to  the  nature  of  the  primitive  stieak.  That,  in 
part,  they  carrefjiond  with  the  neiirent«ric  canal  of  the  Ichthyopsida  is  clear 
tVoni  the  detailed  statements  below.  Till  their  relations  have  been  more 
fully  worked  out  it  is  not  possible  to  give  a  more  definite  explnnatiou  of 

According  to  Braun  (No.  1  ao)  three  independent  communications  are  to 
be  distinguished  in  Birds.  These  are  best  developed  in  the  Duck.  The  fititt  of 
these  is  a  small  funnel-shaped  diverticulum  leading  from  the  neural  groove 
through  the  hypoblast.  It  is  visible  when  eight  mesoblastic  somites  urc 
present,  and  soon  disappears.  The  second,  which  is  the  only  one  I  have 
myself  investigHted,  is  present  in  the  embryo  duck  with  twenty-aix  meao- 
blrtatic  somites,  and  is  represented  in  the  series  of  sections  (fig.  104).  The 
passage  leads  obliquely  backwards  and  veiitralwards  from  the  hind  end 
of  the  neural  tube  into  the  notochord,  whore  the  latter  joins  the  primitive 
streak  (B).  A  narrow  diverticulum  from  this  passage  is  (continued  forwards, 
for  a  short  distance  along  the  axis  of  the  notochord  (A,  ck).  After  tra- 
versing the  notochord,  the  passage  is  continued  into  a  hypoblastic  diver- 
ticulum, which  opens  ventrally  into  the  future  lumen  of  the  alimentary 
tract  (C).  Shortly  behind  the  point  where  the  neurenteric  passage  com- 
municates with  the  neural  tubti  the  latter  stnictnre  opens  dorsally,  and 
a  groove  on  the  surface  of  the  primitive  streak  is  continued  backwards 
from  it  for  a  short  distance  (C).  The  first  part  of  this  passage  to  appear 
is  the  hypoblastic  diverticulum  above  mentioned. 

This  passage  does  not  long  remain  open,  but  after  its  closure^  when  the 
tail-eud  of  the  embryo  has  become  folded  off  from  tlie  yolk,  a  third  passage 
in  established,  and  leads  round  the  end  of  the  notochord  from  the  closed 
medullary  canal  into  the  post-anal  gut.  It  is  shewn  diagram matically  in 
fig.  106,  ne,  and,  as  may  be  gathered  from  that  figure,  has  the  same  relations 
us  the  neurenteric  canal  of  the  Ichtliyojisida. 
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In  tlie  gooae  a  passage  hua  been  described  by  Gueser,  which  appears 
when  about  foui-teen  or  fifteen  eomitfs  are  present,  and  laats  till  twenty- 


FlO.    104.       FODB    TB*B9TJEH8B    BKCTIONB   IHBODOH   THE    NECHKNTtBIC    t 


A.  Beclion  in  front  of  the  neurenteric  canal  Hhewing  n  Inmen  in  the  notocbord. 

B.  Section  tbroa(;h  ths  passage  from  the  medallary  canal  into  the  notuchord. 

C.  Section  ofaening  tho  hj'poblaxtic  opeoiiiR  ol  ihe  neurenteiio  canal,  and  the 
groove  on  ^e  rarface  of  the  primitive  eCreak.  wbii:h  opens  in  front  into  the  medallory 

D.  Primitive  streak  immediately  heliind  Ihe  opening  of  the  neurenicrie  paeeage. 
Jiic.  medoUarj  canal;   ep.  epiblast;   hy.  hypoblast;    eft.  notochord;   pr.  primitive 

Blreak. 

three  are  formed.  Behind  its  opening  the  medullary  canal  is  continued 
back  as  a  small  diverticulum,  which  follows  the  course  of  the  primitive 
groove  and  is  apparently  formed  by  the  convei-sion  of  this  groove  into  a 
canal.  It  ia  at  first  open  to  the  exterior,  but  soon  becomes  closed,  and  then 
atrophies. 

In  the  chick  there  is  a  perforation  on  the  floor  of  the  neural  canal, 
which  is  not  so  marked  &n  those  in  the  goose  or  duck,  and  never  results 
in  a  complete  continuity  between  the  neural  and  alimentary  iracts ;  but 
simply  leads  from  the  floor  of  the  neuriil  canal  into  the  tissues  of  the 
tail-B  welling,  and  thence  into  a  cavity  in  the  [Kisterior  part  of  the  noto- 
chord.  The  hinder  diverticulum  of  the  neural  canal  along  the  line  of  the 
primitive  groove  is,  moreover,  very  considerable  in  the  chick,  and  is  not  so 
soon  obliterated  as  in  the  goose.  The  incomplete  passage  in  the  chick 
arises  when  about  twelve  somites  ai-e  present.  It  is  regarded  by  Braun  aa 
equivalent  to  the  first  formed  passage  in  the  duck,  but  I  very  much  doubt 
whether  there  is  a  very  exact  equivalence  between  the  ojicnings  in  different 
types,  and  think  it  more  probable  that  they  ai-e  variable  remnants  of  a 
jirimitive  neureutfric  canal,  which  in  the  ancestors  of  those  foims  peiaisted 
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through  the  whole  period  of  the  6ta\j  development  The  third  passage  is 
formed  in  the  chick  (Kupffer)  during  the  third  day  of  incnbation.  Id 
MelopsittacuH  undulatus  the  two  fint  communications  are  stated  by  Braun 
(No.  1 20)  to  be  present  at  the  same  time,  the  one  iu  front  of  the  other. 

It  is  probable,  from  the  ubove  dp£cription,  that  the  front  portion  of  the 
primitive  streak  in  the  bird  corresponds  with  that  part  of  the  lipa  of  the 
blastopore  in  Elaamobmnchii  which  becomes  converted  into  the  tail-swelling 
and  the  lining  of  the  neuieuteric  canal;  while  the  origiuaJ  groove  of  the 
front  part  of  the  primitive  stn-ak  apjx-ais  to  be  converted  into  the  posterior 
diverticulum  of  the  neural  canal  The  hinder  part  of  the  primitive  streak 
of 'the  bird  corresponds,  in  a  very  general  way,  with  the  part  of  the  blasto- 
pore in  fUaamobi-anchii,  which  shuta  off  the  embryo  from  the  edge  of  the 
blastoderm  {vide  p.  52),  though  thei-e  is  of  course  no  genetic  relation  between 
the  two  structures.  When  the  aoterior  part  of  the  streak  is  becouiing 
conrei'ted  into  the  tail-swelling,  the  groove  of  the  posterior  part  gmdually 
aha]lowij  and  finally  disappears.  The  hinder  part  itself  atrophies  from 
behind  forwards,  and  in  the  course  of  the  folding  off  of  the  embryo  from 
the  yolk  the  part  of  the  blastoderm  where  it  was  placed  liecomes  folded  in,  so 
as  to  form  part  of  the  ventral  wall  of  the  embryo.  The  apparent  hinder 
part  of  the  primitive  streak  is.  therefore  in  reality  the  ventral  and  anterior 
part'. 

It  has  generally  been  maintained  that  the  pi'iuiitive  streak  and  groove 
become  wholly  converted  into  the  dorsal  portion  of  thti  trunk  of  the  embryo, 
i.e.  into  the  posterior  part  of  the  medullary  plate  and  subjacent  structures. 
This  view  appears  to  me  untenable  in  itself,  and  quite  incompatible  with 
the  interpretation  of  the  primitive  streak  given  above.  To  shew  how  im- 
|>ix>bable  it  is,  apart  from  any  theoretical  cousiderutiomi,  I  have  compiled 
two  tables  of  the  relative  lei^hs  of  the  primitive  streak  and  the  body  of 
the  embryo,  measured  by  the  number  of  sections  made  through  them,  in  a 
series  of  examples  from  the  data  in  Gasser's  important  memoir  (No.  127). 
In  these  tables  each  horizontal  line  relates  to  a  single  embryo.  The  first 
column  shews  the  number  of  somites,  and  the  second  the  number  of  sectioos 
thi-ougli  the  primitive  streak.  Where  the  primitive  streak  becomes  divided 
into  two  parts  the  sections  through  the  two  parts  are  given  se|iarately :  the 
left  column  (A)  referring  to  the  anterior  part  of  the  streak;  the  right 
column  (P)  to  the  posterior  part.  The  third  column  gives  the  number  of 
sections  through  the  embiyo.  The  first  table  is  for  fowl  embryos,  the 
second  for  goose  embryos. 

'  This  nomenelfttore  maj  Heem  a  little  paradoucal.  But  on  reflection  it  will  appear 
that  HO  long  as  the  embiyo  is  BimpI;  eiteoded  on  the  ;olk-spbere,  the  point  where 
the  ventral  aurfoce  begins  has  to  be  decided  on  purely  morpliologiciLl  grounde.  That 
point  may  fairly  be  considered  to  be  close  to  the  juuctiou  of  the  mednllarj  plate  aiid 
primitive  ptreak.  To  use  a  mathematical  eipreasion  the  flit!n  nil!  change  when  ne  pass 
from  the  dorsal  to  the  ventral  surrace,  so  that  iu  strict  oomenclatuie  we  ooRht  in  con- 
tinuing round  the  egg  in  the  same  directioo  to  s]  euk  of  passing  backwards  atotig  the 
medullary,  but  forwards  along  the  primitive  streak.  Thus  the  apparent  hinil  ind  of 
the  primitive  streak  is  really  the  front  end,  and  I'r'cr  vernS.  I  have  avoided  using  this 
nomenclature  to  simplify  my  description,  but  it  is  of  the  utmost  importance  that 
the  morpholoeioal  fact  shonld  be  grasped.  It  any  reader  fnila  to  unilcrstand  my  point, 
B  reference  to  fig.  53  B  wiU,  I  trust,  make  eveiylhing  quite  clear.  The  heart  of 
Acipenser  (/i()  is  there  seen  apparently  in  front  of  the  head.  It  is  nf  course  really 
ventral,  and  its  apparent  position  is  due  to  the  exlcnnion  of  tlia  embryo  on  a  sphere. 
The  appaieut  froul  end  uf  the  heart  is  really  the  hii.d  end,  and  Biet  vena. 
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No.  of 

Somites. 

No.o[ 

BectioDs 

tbroagh 

the 

No.  of 
Bectioua 

.^ 

Embryo. 

Primitive 
Streak. 

0 

29 

7 

0 

46 

10 

0 

39 

23 

2 

80 

30 

4 

30 
A      P 

SO 

10  +  17  =  97 

8 

12  +  20-33 

4t: 

12 

13  +  10^23 

3  + 

10 

1? 

:=23 

0  + 

7 

=  17 

70 

H  + 

4 

=  12 

8 

.11 

No.  ot 

Somite*. 

No.  of 

tbroogli 
tb« 

No.  of 
tecUoDs 
through 

the 
BmbiTO. 

0              10 

0              28 

0                41 

2              36 

4              94 

1  ^      I* 

9              10  +  10=20 
14               8  +  10=16 
17               8+  6  =  18 
22               9+   6  =  16 
26               8+  6  =  11 

4 

6 

12    ^ 
82 
42 

61 

68 

Au  inspection  of  these  two  tables  sliews  that  an  actual  diminution  in 
the  length  of  the  primitive  streak  takes  place  just  about  th«  time  when  the 
first  somitee  are  being  roniied,  but  there  is  no  ground  for  tliinking  that 
the  primitive  streak  becomes  then  converted  into  the  medullary  ])late. 
Subsequently  the  primitive  streak  does  not  for  a  conHiderable  tinie  become 
markedly  shorter,  and  o^rtainly  its  ciirtailmeot  is  not  really  sufiicient  to 
account  for  the  incrcHsed  lenglli  of  the  embryo— an  increase  in  length, 
which  (with  the  exception  of  the  head)  takes  place  entirely  by  additions  at 
the  hind  end.  At  the  stage  with  fourteen  somites  the  primitive  streak  is 
still  pretty  long.  In  the  later  stages,  as  is  clearly  demonstrated  by  the 
tables,  the  diminution  in  the  length  of  the  primitive  streak  mainly  concerns 
the  posterior  part  and  not  that  adjoining  the  embryo. 

General  histoi-y  of  the  germinal  layers. 

The  epiblast.  The  epiblast  of  the  body  of  the  embryn,  though 
several  rows  of  celln  deep,  does  not  become  divided  into  two  strata 
till  late  ID  embryonic  life;  ao  that  the  organs  of  sense  formed  from 
the  epiblast,  which  are  the  same  as  in  the  types  already  described, 
are  not  apecially  formed  from  an  inner  nervous  stratum.  The 
medullary  canal  iij  closed  in  the  same  manner  as  in  Elnsraobranchii, 
the  Frog,  etc.,  by  the  simple  conversion  of  an  open  groove  Into  a 
closed  canal,  'ilie  clonure  commences  first  of  al!  in  the  regiou  of  the 
mid-brain,  and  extends  rapidly  backwards  and  more  slowly  forwards. 
It  is  completed  in  the  Fowl  by  about  the  time  that  twelve  meso- 
blastic  somites  are  formed. 

Tlie  inesoblast.  The  general  changes  of  this  layer  do  not  exhibit 
any  features  of  special  interest — the  division  into  lateral  and  verte- 
bral plates,  etc ,  being  nearly  the  same  as  in  tlie  lower  forms. 

The  hjrpoblast.  The  closure  of  tlie  alimentary  canal  is  entirely 
effected  by  a  process  of  tucking  in  or  folding  off  of  the  embryo  from  the 
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yolk-sack.  The  general  nature  of  the  process  ia  seen  in  the  diagrama 
figs.  105  and  121.  The  folds  by  which  it  is  effected  ai'e  usually  dis- 
tinguished as  the  head-,  the  tail-  and  the  lateral  folds.  The  head-fold 
(fig.  105)  is  the  first  to  appear;  and  in  combination  with  the  lateral 
folds  gives  rise  to  the  aoterior  part  of  the  mesenteron  (P)  (including 
the  cesophagus,  stomach  and  duodenum),  which  by  its  mode  of  forma- 
tion clearly  ends  bimdty  in  front.  The  tail-fold,  in  combination  with 
the  two  lateral  folds,  gives  rise  to  the  hinder  part  of  the  alimentary 
tract,  including  the  cloaca,  which  is  a  true  part  of  the  mesenteron.  At 
the  junction  between  the  two  folds  there  is  present  a  circular  opening 
leading  into  the  yolk-sack,  which  becomes  gradually  narrowed  as 
development  proceeds.  The  opening  is  completely  closed  long  before 
the  embryo  is  hatched.  Certain  peculiarities  in  reference  to  the  struc- 
ture of  the  tail-fold  are  caused  by  the  formation  of  the  allantois,  and 
are  described  with  the  embryonic  appendages.     The  stomodseum  and 


FlO.    10.1.       DUQlUMHtTIO  LI 

The  section  ih  auppoaed  to  be  toftde  at  a  time  when  the  head-fold  hu  oommenc^ 
but  tbe  tail-fol<l  baa  not  yet  appeared. 

F.So.  bead-fold  of  the  aomatopleure.     F.Sp.  head-fold  of  the  splaachnopleiare. 

pp.  plentoperitoneal  cavitj' ;  Am,  commencing  (head-)  fold  of  the  amnioD  ;  D.  ali- 
mentary trtict ;  N.C.  nenral  canal ;  Ck.  notochoid ;  A,  epiblaat ;  B.  meaoblast ;  C.  hy- 
poblsBt. 

proctodosiira  are  formed  by  epiblastic  inraginations.  The  commu- 
nication between  the  stomodseum  and  the  mesenteron  is  effected 
comparatively  early  (on  the  4th  day  in  the  chick),  while  that  between 
the  proctoda;um  and  mesenteron  does  not  take  place  till  very  late 
(loth  day  in  the  chick).  The  prociodieum  gives  rise  to  the  bursa 
Fabricii,  as  well  as  to  the  anus.  Although  the  opening  of  the  anus  is 
so  late  in  being  formed,  the  proctodieum  itself  is  very  early  apparent, 
Soon  after  the  hinder  part  of  the  primitive  streak  becomes  tucked  in 
on  the  ventral  side  of  the  embryo,  an  invagination  may  be  noticed 
where  the  tail  of  the  embryo  is  folded  off.  This  gradtially  becomes 
deeper,  and  finally  comes  into  contact  with  the  hypoblast  at  the  front 
(primitively  the  apparent  hind)  border  of  the  posterior  section  of  the 
primitive  streak.  An  early  stage  in  the  invagination  is  shewn  in  the 
diagram  [fig.  106,  an).  It  deserves  to  be  noted  that  the  anus  lies 
some  way  in  front  of  the  blind  end  of  the  mesenteron,  so  that  there 
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13  in  fact  a  well-developed  post-anal  section  of  the  gut  {fig.  10(i,  pM.g), 

which  corresponds 

=  '"  with   that   in    the 

tf  —     /  ,       Ichthyopaida.    Fnr 

a  short  period,  as 
^'  mentioned     above 

cl,  ^     (p.  135).  a  neuren- 

teric  canal  is  pre- 
scDt  connecting  the 
post-anal  gut  with 
A  the  medullary  tube 

in  the  duck,  fowl. 
and  other  birds. 
On  the  ventral  wall 

T,./l^T^;o..^sT*F  ^/pMBHrDluT^  "7^"^"^™,"  "f  ^^^  pOSt-aDsl  gUt 
ruRU.lTlON    OF    TDB   ALLAMTOIB.  there      316     at      fifSt 

ep.  epiblasl;  Sp.e.  spinal  canal;  eh.  notochord;  n.r.  two  prominences. 
nenreiituiio  canal;   htj.   hypoblaat;  p.a.jf.  poflt-aunl  nut;  pr.      The     posterior     of 

remaina  of  primitive  atreak  folded  in  on  Iha  ventral  Bids;      ..  ■     c  Ac 

„l.  allanloia;  m^.  mesoblaBt;  an.  point  where  anua  will  be  •^n^Se  IS  formed  _ol 
formed;  p,e.  porlvisceral  cavity;  iim.  man  ion ;  to.  somato-  part  of  the  tail- 
pleure;  sp.  Eplaucbnopleure.  swelling,      and      is 

therefore  derived 
from  the  apparent  anterior  part  of  the  primitive  streak.  The  anterior 
in  formed  from  what  was  originally  the  apparent  posterior  part  of  the 
primitive  streak.  The  post-anal  gut  becomes  gradnally  less  and  less 
prominent,  and  finally  atrophiea 

General  development  of  the  Embryo. 

It  will  be  convenient  to  take  the  Fowl  as  a  type  for  the  general 
development  of  the  Sauropsida. 

The  embryo  occupies  a  fairly  constant  position  with  reference  to 
the  egg-shell.  Its  long  axis  is  placed  at  right  angles  to  that  of  the 
egg,  and  the  br'>ad  end  of  the  egg  is  on  the  left  side  of  the  embryo. 
The  general  history  of  tlie  embryo  has  already  been  traced  up  to 
the  formation  of  the  first  formed  mesoblastic  somites  (tig.  107).  This 
stage  is  usually  reached  at  about  the  close  of  the  first  day.  After 
this  stage  the  embryo  rapidly  grows  in  length,  and  liecomes,  especially 
in  front  and  to  the  sides,  more  and  more  definitely  folded  off  from  the 
yolk -sack. 

The  general  appearance  of  the  embryo  between  the  30th  and  40th 
hours  of  incubation  is  shewn  in  fig.  108  from  the  upper  surface,  and 
in  tig.  10!)  from  the  lower.  The  outlines  of  the  embryo  are  far  bolder 
than  during  the  earlier  stages.  Fig.  109  shews  the  nature  of  the 
folding,  by  which  the  embryo  is  constricted  off  from  the  yolk-sack. 
The  folds  are  complicated  by  the  fact  that  the  mesoblast  has  already 
become  split  into  two  layers — a  splanchnic  layer  adjoining  the  hypo- 
blast and  a  somatic  layer  adjoining  the  cpiblast — and  that  the  boily- 
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cavity  between  these  two  layers  has  already  become  pretty  wide  in 
tlic  lateral  partg  of  the  body  of  the  embryo 
and  the  arcapellucida.  The  fold  by  which 
the  embryo  is  constricted  off  from  the  yolk- 
aack  is  in  consequence  a  double  one,  formed 
of  two  Hmbs  or  lamina;,  an  inner  limb  con- 
stituted by  the  splanchn()pleure,  and  an 
outer  limb  by  the  somatopleurc.  The  re- 
lation of  these  two  limbs  is  shewn  in  the 
diagramn)aticIoQgitudinal8ection(fig.  105), 
and  in  the  surface  view  (fig.  109)  the 
splanchnic  limb  being  shewn  at  sf  and 
the  somatic  at  »o.  Between  the  two  limbs, 
and  closely  adjoining  the  splanchnopleure. 
is  seen  the  heart  (hti.  At  the  stage  figured 
the  head  is  well  marked  off  from  the  tnmk, 
but  the  first  separation  between  the  two 

regions  was  effected  at  an  earlier  period,  Fia.  107.    Dobbal  view  of 

on  the  appearance  of  the  foremost  somite 
{fig.  107).  Very  shortly  after  the  cephalic 
region  is  established,  and  before  the  closure 
of  the  medullary  folds,  the  anterior  part 
of  the  neural  canal  becomes  enlarged  to 
form  the  first  cerebral  vesicle,  from  which 
two  lateral  diverticula- — rudiments  of  the 
optic  lobes — are  almost  at  once  given  off 
(fig.  108,  op.v).  By  the  stage  figured  the  cephalic  part  of  the  neural 
canal  has  become  distinctly  differentiated  into  a  fore-  {f-b),  a  mid-  im.h) 
and  a  hind-brain  {h.b);  and  the  hind-brain  is  often  subdivided  into 
successive  lobes.  In  the  region  of  the  hind-brain  two  shallow  epi- 
blastic  invaginations  form  the  rudiments  of  the  auditory  pits  {att.  p). 

A  section  through  the  posterior  part  of  the  head  of  an  emV>rjo  of 
30  hours  is  represented  in  fig.  110.  The  enlarged  part  of  the  neural 
tube,  forming  the  hind-brain,  is  shewn  at  (hb).  It  is  still  connected 
with  the  epidermis,  and  at  its  dorsal  border  an  outgrowth  on  each 
side  forming  the  root  of  the  vagus  nerve  is  present  (vff).  The  noto- 
chord  (ck)  is  seen  below  the  brain,  and  below  this  again  the  crescentic 
foregut  (al).  The  commencing  heart  (kt),  formed  at  this  stage  of 
two  distinct  tubes,  is  attached  to  the  ventral  side  of  the  foregut. 

On  the  dorsal  aide  of  the  foregut  immediately  below  the  notochord  is 
seen  a  small  body  (x)  formed  as  a  thickening  of  the  hypoblast.  This  ratiy 
possiUj  be  a  rudiment  of  the  sobnotochordal  rod  of  the  Ichthyopsida, 

In  the  trunk  (fig.  108)  the  chief  point  to  be  noticed  is  the  com- 
plete closure  of  the  neural  canal,  though  in  the  posterior  part,  where 
the  open  sinus  rhoraboidalis  was  situated  at  an  earlier  stage,  there 
may  still  be  seen  a  dilatation  of  the  canal  (fig.  108,  s.r),  on  each 
Hide  of  which  are  the  tail-swellings;  while  the  mesoblastic  s 


iDterior  part  of  the 
primitiye  atreak;  p.pr.  posterior 
part  of  the  primitiTe  streak. 
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U2         DEVELOPMENT   DURING    THE  SECOND    DAY. 

Btop  short  somewhat  in  front  of  it.  Underneath  the  neural  cana!  may 
be  seen  the  notocbord  (fig.  109,  ch)  extending  into  the  head,  as  far  as 
the  base  of  the  mid-brain.  At  the  sides  of  the  trunk  are  seen  the 
mesoblastic  somites  (p  v),  the  outer  edges  of  which  mark  the  boundary 
between  the  vertebral  and  lateral  plates.  A  fainter  line  can  be  seen 
marking  off  the  part  of  the  lateral  plates  which  will  become  part  of 
the  body-wall,  from  that  which  pertains  to  the  yolk-sack. 

During  the  latter  half  of  the  second  day,  and  during  the  third 
day,  great  progress  is  made  in  the  folding  off  of  the  embryo.  Both 
the  head-  and  tail-ends  of  the  embryo  become  quite  distinct,  and 
the  side-folds  make  such  considerable  progress  that  the  embryo  is 
only  connected  with  the  yolk  by  a  broad  stalk.  This  stalk  is  double, 
and  consists  of  an  inner  splanchnic  staik,  continuous  with  the  walls 
of  the  alimentary  canal,  aod  an  outer  somatic  stalk,  continuous  with 
the  body-walls  of  the  embryo.  The  somatic  stalk  is  very  much  wider 
than  the  splanchnic.  (Compare  fig.  121  E  and  F,  which  may  be 
taken  as  diagrammatic  longitudinal  and  transverse  sections  of  the 
embryo  on  the  third  day.)  A  change  also  takes  place  in  the  position 
Fia.  106.      Ehbbio   op   the 

CHICI  BETVEEH    30    AND  36    HOURS 
TtEWSD    FBOH  ABOVE  AS  AH  OPAQDB 

owBCT.     (Chromio  acid  prepiutt- 

f,b.  froDt-bruD;  m.b.  mid- 
brain; h.b.  hind-brain;  op.v.  opUe 
vesicle;  av.p.  auditor;  pit;  o.f. 
vitelline  vein ;    p.v.  mesoblastic 

^_      somite ;  m./.  line  of  jnnotion  ot 

the  mednllai^  folds  above  llie  me- 
dalloiy  canaj;  t.r.  Giuns  rbom. 
boidaliB ;  t.  tail-told ;  p.r.  remains 
of  primitive  groove  (not  satiafac- 
y  torilj  tepcesentedj ;  a.p.  area  pel- 

looida. 

The  line  to  the  side  between 

{.t>.  and  m./.  represents  the  tme 
■ngth  of  the  embr^'o. 
The  Sddle-shaped  outline  in- 
dicates the  margin  of  the  pellucid 
area.  The  head,  which  reaches 
as  far  back  as  o.f,,  is  distiDctl; 
marked  off:  but  neither  the  eo- 
matopleuric  nor  splanchiiopleuric 
fnlda  arc  shewn  in  the  figure;  the 
latter  diverge  at  the  level  of  o.f., 
tbe  former  conBiderobl;  nearer  die 
front,  somewhere  between  Che 
lines  la.b.  and  k.b.  The  Optio 
vesioles  op.v.  are  seen  bulging  out 
beneath  the  euperficial  epiblast. 
The  heart  lying  uudemeath  the 
opaque  bod;  canuot  be  seen.  The 
tail-fold  t.   is  just  indicated;  no 

distinct  lateral  folds  are  as  ;et  visible  in  the  region  midwa;  between  head  and  tail. 

At  m./.  the  line  of  junction  between  the  medullary  folds  is  still  visible,  being  lost 

forwards  over  the  oerebral  vesicles,  while  behind  ma;  be  seen  the  remains  of  the  sinus 

rhomboidahs.  i.r. 
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FB.  tLe  fore-brain  or  first  cerebral  veaicle, 
pioiecting  from  the  sides  oi  which  are  seen  the 
optio  veaiclea  op.  A.  definite  head  la  now  cod- 
Btituted.  the  backward  limit  of  the  somstopleure 
fold  being  indicated  by  the  laxxA  line  S.Q.  Around 
the  head  arc  seen  the  two  limbs  of  the  amniotic 
head-fold:  one,  the  true  amnion  a,  closely  en- 
veloping the  head,  Ibe  other,  the  false  amnion  a', 
at  some  distance  from  it.  Tbe  head  19  seen  to 
proiect  beyond  the  anterior  limit  of  the  pellnoid 

The  splonobnopleure  fold  extends  as  for  bock 
as  tp.  Along  its  diverging  limbs  are  se«n  the 
couapicaous  venous  roots  of  the  vitelline  veins, 
uniting  to  form  the  heart  h,  already,  established 
by  the  coalescence  of  two  lateral  haJvea  which, 
continuing  forward  aa  the  bolbos  arterioaus  6.11, 
ia  lost  in  the  substance  of  the  head  just  in  front 
of  the  somatopioure  fold. 

HB,  hiud-brain ;  MB.  mid-brain ;  f.v.  and 
c.pl.  meaoblastic  aomites;  ch.  front  end  of  Doto- 
cbord ;  me.  posterior  part  of  Dotocherd ;  e.  parietal 
mesoblast;  pi.  outline  of  area  pellucida:  pv. 
primitive  striak- 


of  the  embryo. 
Up  to  the  third 
day  it  is  placed 
symmetrical- 
ly, ou  the  yolk, 
with  its  ventral 
face  downwards. 
During  this  day 
it  tuFDS  so  as 
partially  to  lie 
on  its  left  side- 
This  rotation  af- 
fects first  the 
head  (fig.  Ill), 
but  in  the  course 
of  the  fourth  day 
gradually  ex- 
tends to  the  rest 
of  the  body  (fig. 
118).        Coinci- 


Fio.  110.      Tbuistbiibk  a 


hh.  hind-hrain;   vg.  vagus 


J™ti..  ^UU   Tl.;-  chord;  x.  thickening  of  hypobhlat  (possibly  a  rudimei 

aently  Wltn  tnis  anbnotochordal  rod);   al.  throat;   ht.  '       " 

change  in    poai-  >o,  aoi      '  

tion    the   whole  blast. 


iblaal;    ch.  noto- 

if  the 

heart;   pp.  body-cavity; 

»/,  Bplanchnie  n 


-     .  ,       =- ,„,.„  -..  ,  .... ;  pp.  o    . 

change  in    poal-     go.  somatio   mesoblast;    tf.  aplaachnia  mesoblast;    hy.  hypo- 

tion    the   whole     blast. 

embryo  undergoes  a  ventral  and  somewhat  spiral  flexure. 
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U4  DBYELOPMENT  DVHIS'O   THE   THIRD   DAY. 

During  the  lattor  part  of  the  seciind  day  aud  lUiring  the  third  day 
important  changes  take  place  in  the  head.  One  of  these  ia  the 
cranial  flexure.  This,  which  must  not  be  cuufoiinded  with  the  curva- 
ture of  the  body  just  referred  to,  comnionceti  by  the  bending  down- 
wards of  the  front  part  of  the  head  round  a  point  which  may  be 
considered  as  the  extreme  end  either  of  the  notochord  or  of  the 
alimentary  canal. 

Fio.   Ill,      Cbick  or  the  thibd 

DAY    (54   SOCES)  VIEWED    FBOH  ONDEB- 


a',  the  outer  aumiotio  fold  or  false 
mnnion.  This  is  vary  oonBpicuous 
OTonod  the  head,  but  may  also  be 
Been  at  the  tail. 

a.   the  true  amnioii,  verj  otOBel; 

•       eDTeloping  the  head,  and  here  seen 

only  between  the  projections  of  the 

aereral  cerebral  vesicleB.    It  may  also 

be  traced  at  the  tail,  (. 

In  the  embryo  of  which  tbiB  is  a 
drawing  the  head-fold  of  the  amnion 
reached  a  little  farther  b&okward  than 
the  reference  u,  bnt  its  limit  cannot 
be  distinctly  seen  through  the  body 
of  the  embryo. 

C.H.  cerebral  hemisphere;  F.B. 
vesicle  of  the  third  ventncle;  M.B. 
mid-brain ;  H.B.  hind-brain ;  Op.  eye ; 
01.  auditory  vesicle. 

OfV.  vitelline  veins  forming  tha 
Tenons  roots  of  the  heart.  The  trunk 
OD  the  right  hand  (left  trunk  when 
the  embryo  is  viewed  in  ita  natural 
position  from  above)  receives  a  large 
branch,  shown  by  dotted  lines,  coming 
from  the  anterior  portion  of  tha  sionB 
terminal  is.  Hi.  the  heart,  now  com- 
pletely twisted  on  itself.  Ao,  the 
bnlbus  arterioeus,  the  three  aortic 
arches  being  dimly  Been  stretching 
N.  ^.><f,  from  it  acroBH  the  throat,  and  uniting 

''    ^  into  the  aorta,  still  mora  dimly  seen 

as  a  curved  dark  line  mnning  along 
tha  body.  The  other  anrved  dark  line  by  its  Bide,  ending  near  the  reference  y,  is  the 
notochord  ch. 

About  oppotnte  the  line  of  reference  x  the  aorta  divides  into  two  trunks,  which 
mnning  in  &s  line  of  the  somewhat  opaque  aomites  on  either  side,  are  not  clearly 
Been.     Their  brandies  however,  Of-a,  the  vitelline  arteries,  are  conspicuous  and  are 
seen  to  curve  roond  the  commencing  sidc-fol<l!<. 
Pv.   mesoblastic  somiteB. 

X  is  placed  at  the  "point  of  divergence"  of  the  splanchnopleure  folds.  The  blind 
fornpit  begius  here  and  extends  about  up  to  neaj'  y,  the  more  transparent  space 
marked  by  that  letter  is  however  mainly  dne  to  the  presence  there  of  investing 
mass  at  the  base  of  the  brain,  x  marks  the  hind  limit  of  the  splanchnopleure  folds. 
The  limit  of  the  more  transparent  somatopleure  folds  cannot  be  seen. 
^  a  will  be  of  course  understood  that  all  the  body  of  the  embryo  above  the  level  of 
the  reference  x,  is  seen  through  the  portion  of  llie  yolk-sac  (vascular  and  pellucid  area), 
which  has  beea  removed  wilh  the  embryo  from  the  egg,  as  well  aa  through  the  double 
amniotic  fold. 

The  view  being  from  below,  whatever  ia  described  in  the  natural  poFiition  as  beiog  to 
the  right  appeals  here  to  the  left,  and  vice  vnta. 
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The  cranial  flexure  progresses  rapidly,  the  front-brain  being  more 
and  more  folded  down  till,  at  the  end  of  the  third  day,  it  is  no  longer 
the  first  vesicle  or  fore-brain,  but  the  second  cerebral  vesicle  or  mid- 
brain, which  occupies  the  extreme  front  of  the  long  axis  of  the  embryo. 
In  fact  a  straight  line  through  the  long  axis  of  the  embryo  would 
now  pass  through  the  mid-brain  instead  of,  as  at  the  begmning  of 
the  second  day,  through  the  fore-brain,  so  completely  baa  the  front 
end  of  the  neural  canal  been  folded  over  the  end  of  the  notochord. 
The  commencement  of  this  cranial  flexure  gives  the  body  of  an  embryo 
of  the  third  day  somewhat  the  appearance  of  a  chemist's  retort,  the 
head  of  the  embryo  corresponding  to  the  bulb.  On  the  fourth  day 
the  flexure  is  stiU  greater  than  on  the  third,  but  on  the  fifth  and 
succeeding  days  it  becomes  less  obvious. 

The  anterior  part  of  the  fore-brain 
has  now  become  greatly  dilated,  and  may 
be  distinguished  from  the  posterior  part 
as  the  unpured  rudiment  of  the  cere- 
bral hemispheres.  It  soon  bulges  out 
laterally  into  two  lobes,  which  do  not 
however  become -separated  by  a  median 
partition  till  a  much  later  period. 

Owing  to   the   development   of  the 
cerebral  radimeot  the  p»terior  part  of  the     „  »~  ,"l„l™c"i  Z  ™ 
fore-brain  no  longer  occupies  the  front     third  »*»  m  ah  opAgvK  owkot. 
position  (fig.  ]ll,andll2r'£),  andceafles     (Chromio  acid  preparation.) 
to  be  the  conspicuous  object  that  it  was.  CH.    CerBbral    hemiBphereB; 

Inasmuch  as  its  walls  will  hereaaer  be     ^-»-  ^^"^^  "'  '*'"^-  ■'^^'^^ 
developed  into  the  parts  surrounding  the 
so-called  third  ventricle  of  the  brain,  it 
is  known  as  the  vesicle  of  the  third  ven- 
tricle, or  the  thalamencephalun. 

On  the  summit  of  the  thalamen- 
cephalon  there  may  now  be  seen  a  small 
conical  projection,  the  rudiment  of  the 
pineal  gland,  while  the  centre  of  the  floor 

f,  produced  into,.  tta»elH4.ped  proces,,    ^,\  J^,'"'  S.1.S 
the  mfundibulum,  which,  stretching  to-     tion  of  (he  Buperior  maiilbtrf 
wards  the  extreme  end  of  the  alimentary     process. 
ca„J,joio.tbepit„it.r,bcdy.  ..^''^^n.'^glfi  S  t 

lieyond  an  mcrease  m  size,  which  it     viBceral  defts  betweeo  them, 
shares  with  nearly  all  pnte  of  the  em- 

biyo,  and  the  change  of  position  which  has  already  been  referred 
to,  the  mid-brain  undergoes  no  great  alterations  during  the  third  day. 
Its  sides  will  ultimately  become  developed  into  the  corpora  bigemina 
or  optic  lobes,  its  floor  will  form  the  crura  cerebri,  and  its  cavity  will 
be  reduced  to  the  niwraw  canal  known  as  the  iter  a  tertio  ad  quartum 
ventriculum  and  two  diverticula  leading  from  this  into  the  optic 
lobes. 


Hid-brain ;  CIi.  CerebeHnm ; 
H.B.  Hednlia  oblongata  ;  N.  Na- 
sal pit ;  ot.  auditor;  Tesicle  in  the 
staee  of  a  pit  with  the  owning 
not  ;et  closed  up ;  op.  Optio  ves- 
icle, vith  I.  lenH  and  ch.f.  cho- 
roidal fisBiire.  The  choroidal  £b- 
BOre,  thouRh  formed  entirel;  un- 
derneath the  roperBcial  epihlaat, 
is  distinctly  Tisible  from  toe  oat- 
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DEVELOPMENT  DURING  THE  THIRD  DA  Y. 


In  the  hind-brain,  or  third  cerebral  vesicle,  the  roof  of  the  part 
which  lies  nearest  to  the  mid-brain,  becomes  during  the  third  day 
marked  off  from  the  rest  by  a  slight  constriction.  This  distinction, 
which  becomes  much  more  evident  later  on  by  a  thickening  of  the 
walls  and  roof  of  the  front  portion,  separates  the  hind-brain  iflto  the 
cerebellum  and  the  medulla  oblongata  (fig.  112  Cb  and  HB).  While 
the  walls  of  the  cerebellar  portion  of  the  hind-brain  become  very 
much  thickened  as  well  at  the  roof  as  at  the  sides,  the  roof  of  the 
posterior  portion  or  medulla  oblongata  thins  out  into  a  mere  mem- 
brane, forming  a  delicate  covering  to  the  cavity  of  the  vesicle 
(fig.  114  ly),  which  here  becoming  broad  aud  shallow  with  greatly 
thickened  floor  and  sides,  is  known  as  the  fourth  ventricle,  subse- 
quently overhung  by  the  laigely-developed  posterior  portion  of  the 
cerebellum. 

Ilie  third  day,  therefore,  marks  the  distinct  differentiation  of 
the  brain  into  five  distinct  parts:  the  cerebral  hemispheres,  the 
central  masses  round  the  third  ventricle,  the  corpora  bigemina,  the 
cerebellum  and  the  medulla  oblongata ;  the  original  cavity  of  the 
neural  canal  at  the  same  time  passing  &om  its  temporary  division  of 
three  single  cavities  into  the  permanent  arrangement  of  a  series  of 
connected  ventricles,  viz.  the  lateral  ventricles,  the  third  ventricle,  the 
iter  (with  a  prolongation  into  the  optic  lobe  on  each  side),  and  the 
fourth  ventricle. 

By  the  third 
day  the  lens  of  the 
eye  has  become 
formed  by  an  in- 
vi^nation  of  the 
epiblast,  and  other 
changes  in  the  eye 
have  taken  place. 
•  The  external  open- 

ing of  the  auditory 
pit  is  closed  before 
the  completion  of 
the  third  day  (fig. 
ll*,JiL);andthe 
rudimente  of  the 
external  parts  of 
the  organ  of  smell 
have  become  form- 
ed as  small  pits  on 
the  under  auriace 
of  the  fore- brain 
(fig.ll2,i\0.  Like 
the  leus  and  the 
labyrinth  of  the 
ear,  they  are  fonn- 


Pio.  lia.    Head  op  is  Bmbbto  Chick  ot  tbi  rocBTB  in.-i 

VICWSD    AS    AH     OPAQTJg    OBJBOI :    TBOH    THE    rsOHT    IN    A,    AND 

raoM  THE  BtDB  tx  B.    (Chromio  acid  preparation.) 

CH.  oercbral  hemUpheres ;  FB.  vesiole  of  the  third  ven- 
triole;  Op.  eyeball;  n/.  uaso-froctal  process ;  M.  oavity  of 
mouth ;  iSJf ■  BnperioT  maiillatj  process  of  F.  1,  the  firet 
viBCerai  fold  (inferior  maiillaiy  process) ;  F.  3,  F.  3,  seeond 
and  third  visceral  folds ;  N.  nasal  pit ;  ot.  otic  vasiole. 

In  order  to  gain  the  view  hare  given  the  neck  nas  cnt 
Bcroea  between  Qie  third  and  fonrth  visceral  folds.  In  tbe 
section  «  tbas  made,  are  seen  the  alimentor;  canal  a/,  the 
neural  canal  n.c.,tbellotoahordeb.  tbe  dorsal  aorta  AO,  and 
the  vertebral  veins  V. 
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ed  as  mvaginationa  of  the  externa!  epiblast ;  unlike  them  they  are 
never  closed  up; 

During  the  aecond  and  third  days  there  are  formed  the  visceral  or 
branchial  clefts,  homologous  with  those  of  the  Ichthyopsida,  though 
never  developing  branchial  processes  from  their  walls. 

The^  are  however  real  clefts  or  slits  passing  right  through  the 
waJls  of  the  throat,  and  are  placed  in  series  on  either  side  across  the 
axis  of  the  alimentary  canal,  lying  not  quite  at  right  angles  to  that 
axis  nor  parallel  to  each  other,  but  converging  somewhat  to  the 
middle  of  the  throat  in  front  {fig.  112  and  fig.  113). 


FlO.  IM.  SbOTIOII  TEBODaH  THB  BIHD-BBAIN  Or  A  CBICK  AT  THE  END  Of  TBB 
TEIBD  Dll   OF  nnrUBATlOH. 

IV.  Fourth  Tentriole.  The  seetioii  shewa  the  vei?  thin  roof  and  thicker  sidea  of 
the  Tentricle.  Ch.  Notoohord ;  CV.  Anterior  oardinol  vein ;  CC.  Involated  auditor; 
Tedale;  CC  poiDta  to  the  ead  which  vrill  form  tlie  ooohle&r  ouial;  RL.  Beoesauf 
lat^iiDthi  ^enuina  ot  passsge  oonneotiiig  the  Teaide  with  the  exterior) ;  hy.  Hypoblast 
lining  the  alimoiUr;  canal ;  AO.,  AOA.  Aorta,  and  aortic  arch. 

Four  in  aumber  on  either  side,  the  anterior  is  the  first  to  be 
formed,  the  other  three  following  in  succession.  They  originate  as 
pouches  of  the  hypoblast,  which  meet  the  epiblast.  At  the  junction 
of  the  epiblast  and  hypoblast  an  absorption  of  the  tissue  is  effected, 
placing  the  pouches  in  communication  with  the  exterior. 

No  sooner  has  a  cleft  been  formed  than  its  anterior  border  (i.e.  the 
border  nearer  the  head)  becomes  raised  into  a  thick  lip  or  fold,  the 
visceral  or  branchial  fold.  E^h  cleft  has  its  own  fold  on  its  anterior 
border,  and  in  addition  the  posterior  border  of  the  fourth  or  last 
visceral  cleft  is  raised  into  a  similar  fold.  There  are  thus_/{w  visceral 
folds  to  four  visceral  clefts  (figs.  112  and  113).  The  last  two  folds  how- 
ever, and  especially  the  last,  are  not  nearly  so  thick  and  prominent  as 
the  other  three,  the  second  being  the  brcwdest  and  most  conspicuous 

10—2 


3y  Google 


148 


YISCBEAL  ARCHES. 


of  all.  The  first  fold  meets,  or  nearly  meets,  its  fellow  in  the  middle 
line  in  front,  but  the  second  falls  short  of  reaching  the  middle 
line,  and  the  third,  fourth  and  fifth  do  so  in  an  increasing  degree. 
Thus  in  front  views  of  the  neck  a  triangular  space  with  its  apex 
directed  towards  the  head  is  observed  between  the  ends  of  the  several 
folds  (fig.  113  A). 

Into  this  space  the  pleuroperitoneal  cavity  extends,  the  somato- 
pleure  separating  from  the  splanchnopleure  along  the  ends  of  the  folds ; 
and  it  is  here  that  the  aorta  plunges  into  the  mesoblast  of  the  body. 

The  history  of  these  most  important  visceral  folds  and  clefts  will 
be  dealt  with  in  detail  hereafter ;  meanwhile  I  may  say  that  in  the 
chick  and  higher  Vertebrates  the  first  three  pairs  of  folds  are  those 
which  call  for  most  notice. 

The  first  fold  on  either  side,  increasing  rapidly  in  size  and  promi- 
nence, does  not,  like  the  others,  remain  single,  but  sends  off  in  the 
course  of  the  third  day  a  branch  or  bud-like  process  from  its  upper 
edge  (fig.  113).  This  branch,  starting  from  near  the  outer  end  of  the 
fold,  runs  forwards  and  upwards  in  front  of  the  stomodeeum,  tending 
to  meet  the  corresponding  branch  from  the  fold  on  the  other  side,  at 
a  point  in  the  middle  line  nearer  the  front  of  the  head  than  the 
junction  of  the  main  folds  (fig.  113  am).  The  two  branches  do  not 
quite  meet,  being  separated  by  a  median  process,  which  at  the  same 
time  grows  down  from  the  extreme  front  of  the  head,  and  i^ainst 


FlO.  lis,      TlUNSVEBSE  SECTION  THBOUOB   THK  IMBSAI.  BKOIOH  OF  AH   ElIBBTO  CHIOK   OF 
45    HOURS. 

if.c.  mednUai?  canal;  P.v.  mesoblastie  somite;  B^.d.  Wolffian  duct  i  So,  Somato. 
plenre;  S.p.  SpIandiDopleure ;  p.p.  pleoroperitoneal  cavity;  ao.  aorta;  v.  blood- 
veaaela;  a.  germinal  wall;  ch.  notochord;  op.  jnnDtioD  between  area  opaoa  and  Bl«a 
pellacida. 
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which  they  abut  (fig.  120  k).  Between  the  maiD  folds,  which  are 
directed  somewhat  downwards  and  their  branches  which  slant  up- 
wards, the  somewhat  lozenge-shaped  stomodseum  is  placed,  which,  as 
the  folds  become  more  and  more  promineDt,  grows  deeper  and  deeper 
(6g.  120  A).  The  main  folds  form  the  mandibular  arch,  and  their 
branches  the  maxillary  .processes,  and  the  descending  process  which 
help  to  complete  the  anterior  marein  of  the  stomodseum  or  oral 
canty  is  called,  from  the  parts  which  will  be  formed  out  of  it,  the 
fronto-jiasal  process. 

In  two  succeeding  pairs  of  visceral  folds,  which  correspond  with 
the  hyoid  and  first  branchial  arehes  of  the  Ichthyopsida,  are  de- 
veloped the  parts  of  the  hyoid  bone,  which  will  be  best  considered  in 
connection  with  the  development  of  the  skull.  The  last  two  dis- 
appear in  the  chick  without  giving  rise  to  any  permanent  structures. 
The  external  opening  of  the  first  visceral  i.e.  hyomaudibular  cleft 
becomes  closed',  but  the  inner  part  of  the  cleft,  opening  into  the 
iDouth,  gives  rise  to  the  Eustachian  tube  and  the  tympanic  cavity, 
the  latter  being  formed  as  a  special  diverticulum. 


Fia.    116.      T&AKHTXBSB  SECnOH    TBXOCOH   IHI  TRUNK  OF  K  DuCK  EaBBHO  WITB  ABOUT 


am.  BmniOD;  lo,  Bomatoplenie;  ip.  fiploncbnopleiue ;  ted.  Wolffian  duct;  (t.  seg- 
mental tube;  ea.B.  cnrdiiial  veiu;  nu.  maeole-pUte;  ip.g.  spinal  ganglion;  ip.e.  spinal 
cord;  ck.  notochord;  ao.  aorta;  hy.  h;pobk»t. 
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150  SECTIONS  DURING  THE  SECOND  AND  THIRD  DAY. 

Fart  of  the  membranous  maudibalar  and  hyoid  archea  fonu  a  vail  round 
the  dorsal  port  of  tlie  original  opening  of  this  cleft,  and  bo  give  rise  to  the 


Fia.  1I7>    SicnoK  tbbouoh  thk  doxhu.  beoiom  or  uc  Ehbbto  Cbiok  it  the  Eno 

or  IBB   TBIBD   DIT. 

Am.  amnion;  m.ii,  moBcle-plftte.  C.V.  cardinal  ywa.  Ao.  doraai  aorta.  The 
section  pUBBB  thiongh  the  point  where  the  dorsal  aorta  ia  jiut  commenciiig  to  divide 
into  two  branohea.  Ch.  notoohord;  W.d.  Wolffian  duot;  W.b.  commenoing  diSeren- 
tiation  of  the  meaoblagt  cells  to  lonu  the  Wolffian  body;  ep.  epiblast;  So.  eomato- 
plenre;  Sp.  Bphinahnoplenre;  hy.  hypoblaet.  The  Bection  pasufl  through  the  point 
where  the  digestive  carnl  oommunioatas  with  the  yolk-sac^  and  is  oonaequentl;  still 
optn  below. 

meatus  auditoriua  extemut.  At  the  bottom  of  this  is  placed  the  tympanic 
membrane,  which  is  probably  derived  from  the  tissue  vhich  grows  over  the 
dorsal  part  of  the  opening  of  the  first  cleft  It  is  formed  of  an  external 
epiblastic  epithelium,  a  middle  layer  of  mesoblast,  and  an  internal  hypo- 
blastic  epithelium. 

The  general  nature  of  the  changes,  which  take  place  in  the 
trunk  between  the  Gommeacement  of  the  second  half  of  the  second 
day  and  the  end  of  the  third  day,  is  illustrated  by  the  sections 
figs.  115,  116,  117. 

In  the  earliest  of  these  sections  there  is  not  a  trace  of  a  fold- 
ing ofl"  of  the  embryo  from  the  yolk,  and  the  body  walls  are  quite 
horizontal.  In  the  second  section  (fig.  116),  from  an  embryo  of 
about  two  days,  the  body  walls  are  already  partially  inclined,  and  the 
Rplanchnopleure  is  very  distinctly  folded  inwards.     There  is  a  con- 
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Pio.  118.     Embbto  Chici  at  th*  bkd  or  ths  vocbtb  dat  bbsh  as  a  tbansfabbmt 

The  unuiou  has  been  oompletel;  remored,  the  cat  enil  of  the  Homatic  st&lk  is 
shewn  at  S.S.  with  the  allantoii  {Al)  protrading  from  it. 

C.H.  oerebral  hendapbere;  F.B.  Tssicle  of  the  third  Tsntricle  vith  the 
pineal  gland  (Pn)  projeotiDg  from  its  aummit;  M.B.  mid-brain;  Cb.  oerebellom. 
IF.  V.  fourth  TeDtride;  L.  leQB;  ch.i.  ohoroid  aUt.  Owing  to  the  growth  of  the 
optia  oup  the  two  layem  of  which  it  ii  composed  eauDOt  an;  longer  be  seen  from 
the  Eorfaoe,  but  the  retinal  surface  of  the  layer  alone  is  Tielble.  Ctn.V.  audi- 
tory veaicle;  i.m,  luperior  moiiliary  prooeaa;  IF,  3F,  eta.  first,  second,  third  and 
fomih  visceral  arches ;  V.  fifth  nerve  sending  one  branch  to  the  eye,  tbe  ophthalmic 
bnnch,  and  another  to  the  first  Tisceral  arch ;  VII.  seventh  nerve  pasHiug  to  the 
second  visceral  arch ;  O.  Ph.  glossopharyngeal  nerve  passing  towards  the  third  visceral 
arch ;  Pg.  pneomt^^tric  nerve  paaung  towards  the  fourth  visceral  arch;  it),  investing 
mass.  No  attempt  has  been  made  in  the  figure  to  indicate  the  poaition  of  tbe  dorsal 
wall  of  tbe  throat,  which  cannot  be  easily  made  out  in  the  living  embryo;  ck.  noto- 
chord.  The  front  end  of  this  cannot  be  seen  in  the  living  embryo.  It  does  not  end 
however  as  shewn  in  the  fignre,  but  takes  a  sodden  bend  downwards'and  then  termi- 
nates in  a  point.  Ht.  heart  seen  through  the  walls  of  the  chest ;  M.P.  masole-iiBtes. 
W.  wing ;  H.L.  hind  limb.    Beneath  the  liind  Untb  is  seen  the  curved  tail. 

sidemble  Bpace  betweeo  the  notochord  and  the  hypoblast,  which 
forma  the  rudimeot  of  the  mesentery. 

In  the  third  Bection  (fig.  117)  the  body  walls  hare  become  nearly 
vertical,  tbe  folding  of  the  splancbnopleure  is  nearly  completed,  and 
it  is  only  for  a  small  region  that  the  alimentary  tract  is  open,  by  the 
vitelline  duct,  to  the  yolk  sack. 

These  three  sections  further  illustrate  (1)  tbe  gradual  differentiation 
of  the  mesoblastic  somites  {fig.  115  P.v)  into  (a)  the  muacle-pIateB  (figs. 
116  ma  and  117  frip),  and  (6)  the  tissue  to  form  the  vertebral  bodies 
and  adjacent  connective  tissue ;  (2)  the  formation  of  a  mass  of  tissue 
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152-  DEVELOPMENT  DURWG  THE  FOURTH  DAY. 

between  the  lateral  plates  and  the  mesoblastic  somiteB  (fig.  115), 
known  as  the  intermediate  cell  mass,  on  the  dorsal  side  of  which 
the  Wolffian  duct  is  formed,  while  the  intermediate  cell  mass  itself 
breaks  up  into  the  segmental  tubes  (fig.  116  et)  and  connective  tissue 
of  the  Wolffian  body. 

Various  other  features  in  the  development  of  the  vascular  system, 
general  mesoblast,  etc.,  are  also  represented  in  these  sections.  It  may 
more  especially  be  noted  that  there  are  at  first  two  widely  separated 
dorsal  aorbe,  which  gradually  approach  (fig.  115  and  116);  and  meeting 
first  ofall  in  frontfinallycoalesce  (fig.  117  &  119)  for  their  whole  length. 

The  general  appearance  of  the  embryo  of  the  fourth  day  may  be 
gathered  from  fig.  118. 

The  changes  whidi  have  taken  place  consist  for  the  most  part  in 
the  farther  development  of  the  parts  already  present,  and  do  not 
need  to  be  specified  in  detail.     The  most  important  event  of  the  day  is 


Via.  119.    Sbctiok  thbodoh  ihb  ldmbik  beoion  or  ah  Ehbkto  Cbick  a 


n.e.  nautsl  canal;  p.r,  poeterior  loot  of  spinal  nerve  with  ganglion;  a.T.  anterior 
root  of  apiDiil  neire  ;  A.G.C.  anterior  grej  column  of  spinal  cord  ;  A.W.C.  anterior 
white  column  of  spinal  cord  just  oonunencing  to  bo  formed,  and  not  very  diatinotly 
marked  in  the  figure;  ni.p.  OHUclo-plate ;  ch.  notooliord  ;  W.Jl,  Wolffian  ridge. 
J. O.  dorsal  aorta;  F.c.a.  poatert«i*eftrdinal  vein ;  ir.d.  Wolffian  duct;  ff.i.  Wolffian 
bodj,  oonsjfitiog  of  tubules  and  Malpigbian  bodies;  g.e.  germinal  epithelium ;  d.  ali- 
mentary canal ;  M.  commeticinK  meBcnteiy;  SO.  somatoplenre ;  SP.  eplanchno- 
|ileure  ;    V.  blood- vessela ;  pp.  pleuroperitoneal  cavity. 
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perhaps   the  formation   of  the  limbs.     They  appear  as  out^owths 
from  a  slightly  marked  lateral  ridge  (fig.  119  WR),  which  runs  on  the 


fml 


Flo.  12n.    Hus  or  a  CmcK  num  bblow  ok  i 

iNctrBiTtON.    (From  Hazl^.) 

la.  eenbnl  leuolea;  a.  eja,  in  which  the  ramaitiB  of  the  choroid  dit  out  etiU  be 
seen  in  A;  g.  nasal  pits;  A.  frouto-vasal  procesa;  E.  inperior  maiillary  prooesB; 
1.  inferior  moiillarj  prooeM  or  first  risoeral  aroh;  3.  Moond  Tiaoeral  arch;  x.  first 
viaoeral  cleft. 

In  A  the  evnty  of  the  month  ia  seen  enoloaed  bj  the  frouto-UBBal  prooesg,  (he 
aaperior  mitiillaiT  prooeBBes  and  the  first  pair  of  visceral  arches.  At  the  back  of  it  ia 
seen  the  opening  leading  into  the  throat.  The  nasal  grooTea  leading  froni  the 
nasal  pi|p  to  the  mouth  are  already  closed  over  and  oonverted  into  canals. 

lu  B  the  external  opening  of  the  month  has  b«aome  much  constricted,  bnt  it  is 
still  enclosed  b;  the  tronto-nssal  process  and  Buperior  maiillary  prooesses  above,  and 
bj  the  inferior  maiillary  processes  (first  pair  of  visceral  arches)  below. 

The  snperior  maiillaiy  processes  have  onited.vith  the  fronto-nasal  prooess,  along 
nearly  the  whole  length  of  the  latter. 

level  of  the  lower  end  of  the  muscle  plates  for  nearly  the  whole 
length  of  the  trunk.  This  ridge  is  known  as  the  Wolffian  ridge. 
The  lirst  trace  of  the  limbs  can  be  seen  towards  the  end  of  the  third 
day  ;  and  their  appearance  at  the  end  of  the  fourth  day  is  shewn  in 
fig.  118  Wand  at. 

A  section  through  the  trunk  of  the  embryo  on  the  fourth  day  is 
represented  in  fig.  119.  The  section  passes  through  the  region  of  the 
trunk  behind  the  vitelline  duct.  The  mesentery  (Jtf)  is  very  much 
deeper  and  thinner  than  on  the  previous  day.  The  notochord  has  be- 
come invested  by  a  condensed  mesoblaatic  tissue,  which  will  give  rise 
to  the  vertebral  column.  The  two  dorsal  aortae  have  now  completely 
coalesced  into  the  single  dorsal  aorta,  and  the  Wolffian  body  has 
reached  a  far  more  complete  development. 

In  the  course  of  the  fifth  day  the  face  begins  to  assume  a  less 
embryonic  character,  and  by  the  sixth  and  succeeding  days  presents 
distinctive  avian  characters. 

The  general  changes  which  take  place  between  the  sixth  day  and 
the  time  of  hatching  do  not  require  to  be  specified  in  detail. 
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FWTAL  MEMBRANES. 


Ftetal  Membranes. 


The  Reptilis,  Aves  and  Mamm&tia  are  distingmBhed  from  tbe 
Ichthyopstda.  by  the  possession  of  certain  provisional  foetal  mem- 
branes, knonn  as  the  amnion  and  allantoia. 

As  the  mode  of  development  of  these  membranes  may  be  most 
conveniently  studied  in  the  chick,  I  have  selected  this  type  for  their 
detailed  description. 

The  AnuiioiL  The  amnion  is  a  peculiar  sack  which  envelopes, 
and  protects  the  embryo. 

At  the  end  of  tbe  first  day  of  incubation,  when  tbe  cleav^e  of 
tbe  mesoblast  has  somewhat  advanced,  there  appears,  a  little  way  in 
front  of  the  semilunar  head-fold,  a  second  fold  (fig.  102,  also  fig. 
121,  C,  q/'and  lig.  122  Am),  running  more  or  less  parallel  or  rather 
concentric  with  the  first  and  not  unlike  it  in  general  appearance, 
though  differing  widely  from  it  in  natiire.  This  second  fold  gives  rise 
to  tbe  amnion,  and  is  limited  entirely  to  the  somatoplenre.  Rising 
up  as  a  semiluoar  fold  with  its  concavity  directed  towards  the 
embiyo  (fig,  121  C,  of),  as  it  increases  in  height  it  is  gradually 


Fio.  lai. 

F^.  IZl  A  to  N  fomiB  a  eeriea  of  purely  dia^rammatio  repreMutatioiis  intro- 
dnoad  to  facilitato  the  comprehensioD  of  the  mannar  la  wfaioh  the  body  of  the  embtyo 
iafonned,  andof  thoTuioiu  relatioDfl  of  the  yolk-eaok,  amuioD,  and  alUntois. 

lu  all  Df  is  the  vitelline  membrane,  placed,  for  conTemelice  sake,  at  some  diatanoe 
from  its  oontents,  and  Tepreeented  as  peraiating  in  the  later  stageB;  in  reality  it  ia 
SI  direct  coutaot  with  the  blastoderm  or  yolk,  and  early  oaases  to  have  a  aeparste 
aiiatenoe.  In  all  «  indicate*  the  ambiya  proper ;  pp  the  genraal  plenro-peritoneal 
space  with  its  extension  'between  the  membranes ;  nf  the  folds  of  the  amnion ;  a  the 
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le  the  OBvit;  holding  the  liquor  a 


;  al  the  alluitou ;  a'  the 


i  vertical  Mction  tolcen  loogitndiiiBlIf  along  the 
aiis  of  the  embijo,  repiesenta  the  relatione  of  the  portH  of  the  egg  at  the  time 
of  the  first  appearance  of  the  head-fold,  eaen  on  the  right-hand  side  of  the  embiyo  e. 
The  blutoda'ni  is  nireadicg  both  behind  (to  the  left  hand  in  the  figure),  And  in  front 
{to  right  band)  of  the  bead  fold,  its  limiU  being  indicated  by  the  «tiiijling  and 
thickening  fot  a  certain  distance  of  the  margin  of  the  joik  y.  As  yet  there  ii  no  told 
on  the  left  aide  of  e  corresponding  to  the  head-fold  on  the  light. 

B  ia  a  vertical  transverae  section  of  the  same  period  drawn  for  aonTenieDoe  Bake  on 
a  largo;  scale  (it  should  haie  been  made  flatter  and  less  cnrred).  It  ehewB  that  the 
blaetoderm  (rertiGallj  shaded)  is  extending  laterall?  as  welt  as  foie  and  aft,  in  fact 
in  all  direotionH ;  bat  there  ara  no  lateral  folds,  and  therefore  no  lateral  limito  to  the 
body  of  the  emluyo  as  diBtingoislied  from  the  blastoderm. 

Incidentally  it  shews  the  formation  of  the  medulliuy  groove  by  the  rimng  dp  of  the 
laming  dorsalee.  Beneath  the  section  of  the  groove  is  seen  the  rndiment  ^  the  noto- 
chotd.    On  either  aide  a  line  indicates  the  cleavage  of  the  meeoblaat  just  commencing. 

In  C,  which  represents  a  vertical  longitodinal  section  of  later  date,  both  head-fold 
(on  the  right)  and  tail-fold  (on  the  left}  have  advanced  considerablv.  The  alimentary 
canal  is  therefore  oloBadin,  bothin&ont  and  behind,  bnt  is  in  the  middle  still  widely  open 
to  the  yolk  u  below.  Though  the  axial  parts  of  the  embryo  have  become  thickened  by 
growUi,  the  Lody-walls  are  stilt  thin ;  in  them  however  is  seen  the  cleavage  of  the  mestjolast, 
and  the  divergence  of  the  somatoplenie  and  splanohnoplente.  The  splanchnoplenre  both  at 
the  head  and  at  the  tail  is  folded  in  to  a  greater  extent  than  the  somatoplenre,  and  forma 
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the  still  vide  BpUnohnio  stalk.  At  the  end  of  the  stalk,  which  is  as  jai  short,  it  benda 
□atnarda  ftgain  tmd  spreads  OTer  the  surface  of  the  jolk.  The  sonutoi^iue,  folded  in  leas 
tbtm  the  spUnohnDpleiue  to  form  the  widet  somatic  stalk,  sooner  boida  round  and  runs 
oatwarda  again.  At  a  little  disUDoe  &om  both  the  bead  and  the  toil  it  is  raised  np 
into  a  fold,  af,  af,  that  in  front  of  the  head  being  the  highest.  These  are  the  amniotio 
folds.  Desoenduig  &om  either  fold,  it  speedily  joins  the  splanchnopleare  again,  and 
the  two,  ODoe  more  united  into  an  mioleft  membione,  extend  some  waj  downwards  over 
the  yolk,  the  limit  or  onter  margin  of  the  opaqtie  area  not  being  shewn.  All  the  spooa 
between  the  somatoplenra  and  the  splanchnnplenre  is  shaded  with  dots,  jfp.  CIobc  to 
the  body  this  spooe  may  be  called  the  plenroperitoneal  cavity;  bat  oatdde  the  body  it 
runs  np  into  either  amniotic  fold,  and  also  extends  some  little  way  oTer  the  yolk. 

D  represents  the  tail-end  at  abont  the  same  stag*  on  a  more  enlarged  snue,  in  orda 
to  illoBttate  the  position  of  the  oUantois  al  {which  was  for  the  sake  of  simplid^  omitted 
in  C),  gbewn  oa  a  bud  from  the  splanohnoplenre,  stretching  downwards  into  the  plenro- 
peritoneol  cavity  pj).  The  dotted  area  repieseDting  aa  before  the  whole  wgv»  Mtween 
the  spUnchnoplenre  and  the  somatopleDre,  it  is  crident  that  a  waj  is  o^  for  the 
atlontois  to  extend  from  its  present  position  into  the  space  between  the  two  limbs  of  the 


amniotio  fold  af. 

E,  also  a  longitadinal  section,  r^neaents  a 
splanchnic  and  somatic  stalke  are  moch  narrowed,  especially  the  former,  the  cavity  of 


longitadinal  section,  r^reMnts  a  «t^e   still  farther  adronoei 


the  alimentary  canal  being  now  oonnected  with  the  oavity  of  the  yolk  by  a  mere  eanoL 
The  folds  of  the  amnion  aie  spreading  over  the  top  of  the  embryo  and  Dearly  meet. 
Each  fold  consists  of  two  walls  or  limbe,  the  space  between  which  (dotted)  is  aa  before 
merely  a  part  of  the  spaoe  between  the  somatoplenre  and  splanohnoplenre.  Between 
these  arched  amniotic  folds  and  the  body  of  the  embiTO  is  a  apaoe  not  aa  jet  entirely 

F  represents  on  a  dillerent  scale  a  transverse  section  of  E  taken  tiiroogb  the  middle 
of  the  splanchnic  stalk.  The  dark  ring  in  the  body  of  the  embiTo  shews  the  podtion 
of  the  nenral  canal,  below  which  is  a  black  spot,  marking  the  notochord.  (m  either 
side  of  the  notochord  the  diveigence  of  somatoplenre  and  splanohnoplenre  is  ohvioas. 
The  Hplanohnopleare,  more  or  less  thickened,  is  somewhat  bsnt  in  towards  the  middle 
line,  bat  the  two  sid»t  do  not  nnite,  the  alimentary  canal  being  as  yet  open  below  at 
this  spot;  after  oonvet^ing  Bomewhat  they  diverge  again  and  ran  ontwaids  over  the 
yolk.  The  somatoplenie,  folded  in  to  some  extent  to  form  tbe  body-walls,  soon  bends 
ontwards  again,  and  is  almost  immediately  raised  np  into  tbe  lateral  folds  of  the 
amnion  af.  The  oontinnity  Ot  the  plenn^ntitotieal  cavity,  within  the  body,  with  the 
interior  of  the  amniotia  tali,  otitside  the  body,  is  evident  \  both  cavities  are  dotted. 

O,  which  corresponds  to  D  at  a  later  stage,  is  introdaced  to  shew  the  manner  in 
which  tbe  allantois,  now  a  considerable  hallow  body,  whose  cavity  is  oontinnons  with 
that  of  the  alimentary  oanal.  becomes  directed  towards  the  amniotic  fold. 

In  H  a  longitudinal,  and  I  a  transverse  section  of  later  date,  great  changes  have 
taken  place.  The  several  folds  of  the  amnion  have  met  and  coalesced  above  the  body 
of  the  embryo.  The  inner  limba  of  the  several  folds  have  anited  into  a  single 
membrane  (a),  which  encloaea  a  space  (ae\  round  the  embryo.  This  membrane  a  is  the 
amnion  proper,  and  the  cavity  vithin  it,  t.  e.  between  it  and  the  embryo,  is  the  oavity 
of  the  amnion  coiitaining  the  liqaor  smnlL     The  allantois  is  omitted  for  the  sake  of 

It  will  be  seen  that  the  amnion  a  now  forms  in  eveiy  direction  the  termination  of 
the  somatopteore ;  the  peripheral  portions  of  the  somatoplenre,  the  anited  onter  or 
descending  limha  of  the  folds  af  in  C,  D,  F,  Q  having  been  cat  adrift,  and  now  forming 
an  independent  continnons  membrane,  the  serous  membrane,  immediately  nndemeath 
the  vitelline  membrane. 

In  I  the  splonchnoplenre  is  seen  converging  to  complete  tbe  clonnre  of  the  sli- 
mental?  canal  a!  even  at  the  atalk  {elsewhere  the  canal  haa  of  coarse  long  been  dosed 
in),  and  then  spreading  outwards  as  before  over  the  yolk.  The  point  at  which  it  Dniles 
with  the  Bomatopleure,  marking  the  extreme  limit  <j  the  cleavage  of  the  mesoblast,  is 
now  much  nearer  the  lower  pole  of  the  diminished  yolk. 

Aa  a  result  of  these  several  changes,  a  great  inciease  in  the  dotted  space  has  taken 
place,  It  is  now  possible  to  pans  from  the  aotaal  peritoneal  oavi^  within  the  body,  on 
the  one  hand  ronnd  a  great  portion  of  the  circumference  of  the  yoUc,  and  on  the  other 
hand  above  tbe  amnion  a,  in  the  spaoe  between  it  and  the  serons  envelope. 

Into  this  spaoe  the  allantois  is  seen  spreading  iji  K  at  al. 

In  li  the  splanchnopleare  has  completely  invested  the  yolk-saok,  hat  at  the  lower 
pole  of  the  yolk  is  still  oontinaoos  witn  that  peripheral  remnant  of  the  somatoplenre 
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In  H  the  cleavage  has  been  oarried  through  the  pole  it«elf ;  the  peripheral  portion 
of  the  Bplanchnopleore  forms  a  complete  investment  of  the  yolk  qaite  nnconneeted  with 
(be  penphmil  portion  of  the  Bomatoplenre.  vhioh  now  exists  as  a  ooutinaons  membrane 
lining  the  interior  o(  the  shell.  l%e  yolk-aaok  (ua)  ia  therefore  quite  loose  in  the 
pleuroperitoneal  oavity,  being  oomieetai  only  with  the  alimentaiy  canal  {a')  by  a 
solid  pediole. 

lastly,  in  N  the  yolk-sack  (yij  is  shewn  being  withdrawn  Into  the  oavi^  of  the 
body  of  the  embryo.  The  allantoia  is  as  before,  for  the  sake  of  nmplioity,  omitted ; 
its  pedicle  would  of  coone  lie  by  the  Bide  ol  yi  in  the  aomatio  stalk  maikad  by  the 
osoal  dotted  shading. 

It  may  be  repeated  that  the  above  are  diagrams,  the  varions  spaoes  being  ehewn 
distended,  whereas  in  many  of  them  in  the  aetnal  ^g  (he  walls  have  collapsed,  and 
are  in  near  joxtapoaition. 

drawn  backwards  over  the  developing  head  of  the  embryo.  The  fold 
thus  covering  the  head  is  in  due  time  accompanied  by  similar  folds  of 
somatopleure,  starting  at  some  little  distance  behind  the  tail,  and  at 
some  little  distance  from  the  side  (fig.  121,  C,  D,  E,  F  and  116  am). 
In  this  way  the  embryo  becomes  surrounded  by  a  series  of  folds  of 
thin  somatopleure,  which  form  a  continuous  wall  all  round  it  All 
are  drawn  gradually  over  the  body  of  the  embiyo,  and  at  last  meet 
and  completely  coalesce  (fig.  121,  H,  I  and  117  Am),  all  traces  of 
their  junction  being  removed.  Beneath  these  united  folds  there  is 
therefore  a  cavity,  within  which  the  embryo  lies  (fig.  121,  H  ae). 
This  cavity  is  the  cavity  of  the  amnion. 

Each  fold  is  necessarily  formed  of  two  limbs,  both  limbs  consist- 
ing of  epiblast  and  a  very  thin  layer  of  mesoblast;  but  in  one 
limb  the  epiblast  looks  towards  the  embryo,  while  in  the  other  it 
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looks  away  from  it.  The  space  between  the  two  limbs  of  the  fold,  as 
can  easily  he  seen  in  lig.  121,  is  really  part  of  the  space  between  the 
somatopleure  and  eplanchnopleure ;  it  is  therefore  continuous  with 
the  general  space,  part  of  which  afterwards  becomes  the  pleuroperi- 
toneal  cavity  of  the  Dody,  shaded  with  dots  in  the  figure  and  marked 
{p  p);  so  that  it  is  possible  to  pass  &om  the  cavity  between  the 
two  limbs  of  the  amniotic  folds  into  the  cavity  which  surrounds 
the  alimentary  canal.  When  the  several  folds  meet  and  coalesce 
together  above  the  embryo,  they  unite  in  such  a  way  that  »X\  their 
inner  limbs  unite  to  form  a  continuous  inner  membrane  or  sack,  and 
all  their  outer  limbs  a  similarly  continuous  outer  membrane  or  sack. 
The  inner  membrane  thus  built  up  forms  a  completely  closed  sack 
round  the  body  of  the  embryo,  and  is  called  the  amniotic  sack,  or 
amnion  proper  (fig.  121,  H,  I,  &c.  a),  and  the  fiuid  which  it  af^r- 
wards  contains  is  called  the  amniotic  fiuid,  or  Uquor  amnii.  The  space 
between  the  inner  and  outer  sack  is,  from  the  mode  of  its  formation, 
simply  a  part  of  the  general  cavity  found  everywhere  between 
somatopleure  and  splanchnopleure.  The  outer  sack  over  the  embryo 
lies  close  under  the  vitelline  membrane,  and  the  cavity  between  it 
and  the  true  amnion  is  gradually  extended  over  the  whole  yolk 
sa«k. 

The  actual  manner  in  which  the  amniotio  folds  meet  is  somewhat 
peculiar  (His  and  Kolliker).     The  head  fold  of  tiie  amnioQ  is  the  earliest 


Fie.  133.    DiAaaunuTic  LOKQrruDDiAi.  srciioh 


F.So.  fold  of  the  wmiatoplean,     F.Sp.  fold  at  the  Bpluujhnopleore ;  D.  fore-gat. 
pp.  plenroperitoneal  oavity  between  soniatopleiiTe  and  BpUnohnoplenre;  ^m.  oom- 
menoLQg  (head)  told  ut  the  anmioa.  Forrem»iiungreforeiii)eleneiBvid«p.  139. 

fonned,  and  completely  covets  over  the  head  before  the  end  of  the  eecond 
day.  The  side  and  tail  folds  are  later  in  developing.  The  side  folds  finally 
meet  in  the  doraal  line,  and  their  coalescence  proceeds  backwards  from  the 
head  fold  in  a  linear  direction,  till  there  is  ooiy  a  small  opening  left  over 
the  tiul.     Thiii  also  becomes  cloeed  earlj  on  the  third  day. 
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The  allantois*  is  esaectially  a  diverticulum  of  the  alimentary 
tract  iDto  which  it  opens  immediately  in  front  of  the  anus.  Its 
walla  are  formed  of  splanchnic  mesoblast  with  hlood-vessels,  within 
which  is  a  lining  of  hypoblast.  It  becomes  a  conspicuous  object  on 
the  third  day  of  incubation,  but  its  first  development  takes  place  at 
an  earlier  period,  and  is  intimately  connected  with  the  formation  of 
the  posterior  section  of  the  gut. 

At  the  time  of  the  folding  in  of  the  hinder  end  of  the  mesenterou 
the  splitting  of  the  mesoblast  into  somatopleure  and  splanchnopleure 
has  extended  up  to  the  border  of  the  hinder  division  of  the  primitive 
streak.  As  has  been  already  mentioned,  the  ventral  wall  of  the 
postanal  section  of  the  alimentary  tract  is  formed  by  the  primitive 
streak.  Immediately  in  front  of  this  is  the  involution  which  forms 
the  prootodeeum  ;  while  the  wall  of  the  hindgut  in  front  of  the  anus 
owes  its  origin  to  a  folding  in  of  the  splanchnopleure. 

The  alliuitois  first  appears  as  a  protuberance  of  the  splanchno- 
pleure just  in  front  of  the  anus.  This  protuberance  arises,  however, 
before  the  splanchnopleure  has  begun  to  be  tucked  in  so  as  to  form 
the  ventral  wall  of  the  hindgut ;  and  it  then  forms  a  diverticulum 
(fig.  123  A,  AV)  the  open  end  of  which  is  directed  forward,  while  its 
blind  end  points  somewhat  upwards  and  towards  the  peritoneal 
space  behind  the  embryo. 


FiQ.  188.    Two  LoaaiTDBnui.  ■Ktmoas  or  thb  TitL-ms  or  m  Bxbbto  Chios  «o 


THB  HmDLB   OT  THI   THtED  DAT.      (Aft«T  DobrflUIl.) 

t.  the  tail ;  m.  the  meublaBt  of  the  bodv,  abont  to  form  the  meioblaatic  EomiteB ; 
^.  the  loof  al  e".  the  nennl  oonol ;  Dd.  tbe  hind  end  of  the  hindgut ;  So.  lomato. 
pleore ;  Spl.  Bplanchito|iIeiiTe ;  h.  the  meooblast  ol  the  splanehnoplonre  okirjiiig  the 
vesselB  of  the  yolk-aack;  pp.  pleDroperitoneal  tmitj  ;  Df.  the  epithelium  lining  tha 
pleojoperitoneal  cavity;  All.  the  oomtaencmg  allantoia;  a.  projectioQ  formed  by 
anterior  and  posterior  diriuoQB  of  the  primitive  itieak 
tiie  Tentral  wall  of  the  hindgut;  v.  aiuuinTagiiiBtion; 

1  For  details  on  the  development  of  the  aUantois  the  reader  is  referred  to  the  works 
of  Eiilliker  (No.  ije),  Oaeser  (No.  117),  and  for  a  pecnliar  riew  on  the  snbjeot  Enpffer 
(No.  136).  In  aoBtion  to  these  works  he  may  refer  to  Dobrynin  "Ueber  die  erste 
Anlage  der  Allantois."  Siti.  der  h.  Akad.  Witn.  Bd.  64,  1871,  E.  Oasser,  Britrlge  mr 
F.nKBieklunglfttekieMt  d.  Allantoit,  etc. 
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Aa  the  hiDdgut  becomes  folded  in  the  allantoia  shifts  its  position, 
aad  forms  (figs.  123  B  and  124>)  a  rather  wide  vesicle  lying  imme- 
diately below  the  hind  end  of  the  digestive  canal,  with  which  it 
communicates  freely  by  a  still  coDsiderable  opening ;  its  blind  end 
projects  into  the  pleuroperitoneal  cavity  below. 

Still  later  the  allantois  grows  forward,  and  becomes  a  large 
spherical  vesicle,  still  however  remaining  connected  with  the  cloaca 
by  a  narrow  canal  which  forma  its  neck  or  stalk  (fig.  121  G,  a£). 
From  the  first  the  allantois  lies  in  the  pleuroperitoneal  cavity.     In 

this  cavity  it  grows 

""  forwards     till     it 

'j  reaches  the  iront 

limit  of  the  hind- 

^  gut,    where     the 

fl  splanchnopleure 

turns  back  to  en- 
close the  yolk-sack. 
It  does  not  during 
the  third  day  pro- 
ject   beyond    this 
point ;  but  on  the 
fourth  day  begins 
to  pass  out  beyond 
the   body    of  the 
chick,  along  the  as 
yet  wide  space  be- 
tween the  splanch- 
nic    and    somatic 
stalks  of  the  em- 
bryo, on  its  way  to 
the  space  between  the  external  and  internal  folds  of  the  amnion, 
which  it  will  be  remembered  is  directly  continuous  with  the  pleuro- 
peritoneal cavity  (fig.  121  K).     In  this  space  it  eventually  spreads 
out  over  the  whole  body  of  the  chick.     On  the  first  half  of  the  fourth 
day  the  vesicle  ia  still  very  small,  and  its  growth  is  not  very  rapid.     Its 
mesoblast  wall  still  remams  very  thick.    In  the  latter  half  of  the  day 
its  growth  becomes  very  rapid,  and  it  forms  a  very  coDSpicuons  object 
in  a  chick  of  that  date  (fig.  118,  Al).     At  the  same  time  its  blood- 
vessels become  important.     It  receives  its  supply  of  blood  from  two 
branches  of  the  iliac  arteries  known  an  the  allantoic  arteries',  and  the 
blood  is  brought  back  from  it  by  two  allantoic  veins  which  run 
along  in  the  body  walla  (fig.  119}  and  after  unitii^  into  a  single  trunk 
fall  mto  the  vitelline  vein  close  behind  the  liver. 

Before  dealing  with  the  later  history  of  the  fcettU  membranes,  it 
will  be  convenient  to  complete  the  history  of  the  yolk  sack. 


Fro.  194.    DuoKAifiuTio  l< 

TBI    POSTSHIOB    KHD    Or  1»,EUBBT0   BlSD   AT   THB    TIME    C 
THE   lORHlTIOIt  Or  THE   AjjllNTOIS. 

ep.  epiblMt;  Sp.e.  epioal  canal;  eh.  notoohoid;  n. 
neareDtenoo&n&lj  hy.  hypoblast;  ^.a.g.  postanal  gnt;  pr. 
lemains  of  piimitire  stre^  folded  m  oa  the  Teotral  side; 
al.  allantois ;  me.  mesoblMt ;  an.  pornt  where  saoB  will  be 
fonned;  p.e.  peiiTuoeialoaTitjr;  on.  amnioa;  i 
pleon;  ip-  iplanahnoplenie. 


I  T  propoae  to  call  these  arteries  and  the  ooirespondiilg  Ti 
uid  veins,  instead  or  using  the  conTDBing  term  'mnbilical.' 


IB  the  allantoic  ai 
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Yolk-Sack.  The  origin  of  the  area  opaca  has  already  been  de- 
scribed. It  rapidly  extends  over  the  yolk  underneath  the  vitelline 
membrajie ;  aud  is  composed  of  epiblast  and  of  the  hjrpoblaet  of  the 
germinaJ  wall  continuous  with  that  of  the  area  pellucida,  which  on  the 
fourth  day  takes  the  form  of  a  more  or  less  complete  layer  of 
columnar  cells'.  Between  the  epiblast  and  hypoblast  there  is  a  layer 
of  mesoblast,  which  does  not  extend  as  far  as  the  two  other  layei-s. 
The  yolk  is  completely  suri'ounded  by  the  seventh  day. 

Towards  the  end  of  the  first  day  blood-vessels  begin  to  be  de- 
veloped in  the  inner  part  of  the  mesoblast  of  the  area  opaca.  Their 
development  is  completed  on  the  second  day  ;  and  the  region  through 
which  they   extend   is   known   as   the   area  vascu'losa.      The   area 


FlO.  136.       DlAQBlll    OF    THE    OIHCUIATION  OT    TBI  YoLK-SlCI  IT  THX    EMS    Or    THE    T 


H.  heart ;  AA.  the  Moond,  tbird  and  fourth  aortic  aroheti ;  the  firat  has  beoome 
obliterated  in  ite  median  portion,  bnt  is  oontinned  at  its  proximal  end  as  the  external 
oorotid,  and  at  its  distal  end  as  the  internal  carotid;  SO.  dorsal  aorta;  L.Of.A.  left 
vitelline  artery;  R.O/.A.  right  vitelline  artery;  S.T.  sinuH  terminalia;  L.Of.  left 
Tileiline  vein;  R.Of.  right  vitelline  vein;  S.V.  sinus  venoetiB;  B.C.  dnotot!  Cavieri  ; 
S.Ca.y.  Baperior  cardinal  vein  ;  V.Ca.  inferior  cardinal  vein.  The  veins  are  marked 
in  outline  and  the  arteriea  are  black.  The  vhole  blastoderm  has  been  removed  from 
the  e^  uid  is  sapposed  to  be  viewed  from  below.     Hence  the  left  is  seen  on  the  ritiht, 


'  Farther  investigationB  are  required  as  to  the  character  of  this  lajer. 
B.  E.  II.  11 
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162  YOLK-SACK. 

vasculoaa  also  grows  round  the  yolk,  and  completely  encloses  it 
not  long  after  me  area  opaca.  The  part  of  the  blastoderm  which 
thus  encloses  the  yolk  forms  the  yolk-sack.  The  splitting  of  the 
mesobtast  gradually  extends  to  the  meaoblast  of  the  yolk-sack,  and 
eventually  the  somatopleure  of  the  sack,  which  is  continuous,  it  will  be 
remembered,  with  the  outer  limb  of  the  amnion,  sepai-atea  completely 
from  the  Bplanchnopleure ;  and  between  the  two  the  allantois  inserts 
itself.    These  features  are  represented  in  fig.  121  E,  K,  and  L. 

The  circulation  of  the  yolk-sack  is  most  important  during  the 
third  day  of  incubation.  The  arrangement  of  the  vessels  during  that 
day  is  shewn  in  fig.  125. 

The  blood  leaving  the  body  of  the  embryo  by  the  vitelline 
arteries  (fig.  125,  R.Of.A,  L.Of'A),  which  are  branches  of  the  dorsal 
aortie,  is  carried  to  the  small  vessels  and  capillaries  of  the  vascular 
area,  a  small  portion  only  being  appropriated  by  the  pellucid  area. 

From  the  vascolar  area  part  of  the  blood  returns  directly  to  the 
sinus  venosus  by  the  main  lateral  trunks  of  the  vitelline  veins 
{R.0f.,L.Of),  e/ad  so  to  the  heart.  During  the  second  day  these 
venous  trunks  join  the  body  of  the  embryo  considerably  in  front  of, 
that  is  nearer,  the  head  than  the  corresponding  arterial  ones.  Towards 
the  end  of  the  third  day,  owing  to  the  continued  lengthening 
of  the  heart,  the  veins  and  arteries  run  not  only  parallel  to  each 
other,  but  almost  in  the  same  line,  the  points  at  which  they  respec* 
tively  join  and  leave  the  body  being  nearly  at  the  same  distance 
from  the  head. 

The  rest  of  the  blood  brought  by  the  vitelline  arteries  finds 
its  way  into  the  lateral  portions  of  a  venous  trunk  bounding 
the  vascular  area,  which  is  known  as  the  sinus  terminalis,  8.T., 
and  there  divides  on  each  side  into  two  streams.  Of  these,  the  two 
which,  one  on  either  side,  fiow  backward,  meet  at  a  point  about 
opposite  to  the  tail  of  the  embryo,  and  are  conveyed  along  a  distinct 
vem  which,  running  straight  forward  parallel  t^  the  axis  of  the 
embryo,  empties  itself  into  the  left  vitmline  vein.  The  two  forward 
streams  reaching  a  gap  in  the  front  part  of  the  sinus  terminalis  fell 
into  either  one,  or  in  some  cases  two  veins,  which  run  straight  back- 
wards parallel  to  the  axis  of  the  embryo,  and  so  reach  the  roots  of  the 
heart.  When  one  such  vein  only  is  present  it  joins  the  left  vitelline 
trunk ;  where  there  are  two  they  join  the  left  and  right  vitelline 
trunks  respectively.  The  left  vein  is  always  considerably  larger  than 
the  right;  and  the  latter  when  present  rapidly  gets  smaller  and 
speedily  disappears.  After  the  third  day,  although  the  vascular  area 
goes  on  increasing  in  size  until  it  fin^y  all  but  encompasses  the 
yolk,  the  prominence  of  the  sinus  terminalis  becomes  less  and  less. 

The  fcetal  membranes  and  the  yolk-sack  may  conveniently  be 
treated  of  tt^ether  in  the  description  of  their  later  changes  and  final 
fate. 

On  the  sixth  and  seventh  days  they  exhibit  changes  of  great 
importance. 
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The  amnioD,  at  its  complete  cloeure  on  the  fourth  day,  very  closely 
invested  the  body  of  the  chick :  the  true  cavity  of  the  amnion  was 
then  therefore  very  small.  On  the  fifth  day  fluid  begiDB  to  collect  in 
the  cavity,  and  raises  the  membrane  of  the  amnion  to  some  distance 
from  the  embryo.  The  cavity  becomes  still  lai^r  by  the  sixth  day, 
and  on  the  seventh  day  is  of  very  considerable  dimensions,  the  fluid 
increasing  with  it  On  the  sixth  day  Von  Baer  observed  movements  of 
the  embryo,  chiefly  of  the  limbs ;  he  attributes  them  to  the  stimula- 
tion of  the  cold  air  on  opening  the  egg.  By  the  seventh  day  very 
obvious  movements  begin  to  appear  in  the  amnion  itself ;  slow  ver- 
micular contractions  creeping  rhythmically  over  it.  The  amnion  in 
fact  begins  to  pulsate  slowly  and  rhythmically,  and  by  its  pulsation 
the  embryo  is  rocked  to  and  fro  in  the  egg.  This  pulsation  is  pro- 
bably due  to  the  contraction  of  involuntary  muscular  fibres,  whicli 
seem  to  be  present  in  the  attenuated  portion  of  the  mesoblast,  forming 
part  of  the  amniotic  fold. '  Similar  movements  are  also  seen  in  the 
aliantois  at  a  considerably  later  period. 

The  growth  of  the  allantois  has  been  very  rapid,  and  it  forms  a 
flattened  bag,  covering  the  right  side  of  the  embryo,  and  rapidly 
spreading  out  in  all  directions  between  the  primitive  folds  of  the 
amnion,  that  is,  between  the  amnion  proper  and  the  false  amnion  or 
serous  envelope.  It  is  filled  with  fluid,  so  that  in  spite  of  its  flattened 
form  its  opposite  walls  are  distinctly  separated  from  each  other. 

The  vascular  area  has  become  still  further  cKtended  than  on  the 
fifth  day,  but  with  a  corresponding  loss  in  the  definite  character 
of  its  blood-vessels.  The  sinus  terminalis  has  indeed  by  the  end  of 
the  seventh  day  lost  all  its  previous  distinctness;  and  the  vessels 
which  brought  back  the  blood  from  it  to  the  heart  are  no  longer  to 
be  seen. 

Both  the  vitelline  arteries  and  veins  now  pass  to  and  from  the 
body  of  the  chick  as  single  trunks,  assuming  more  and  more  the 
appearance  of  being  merely  branches  of  the  mesenteric  vessela 

The  yolk  is  still  more  fluid  than  on  the  previous  day,  and  its 
bulk  has  (according  to  Von  Baet)  increased.  This  can  only  be  due 
to  its  absorbing  the  white  of  the  egg,  which  indeed  is  diminishing 
rapidly. 

Durii^  the  eighth,  ninth,  and  tenth  days,  the  amnion  does  not 
undeigo  any  very  important  changes.  Its  cavity  is  still  filled  with 
fluid,  and  on  the  eighth  day  its  pulsations  are  at  their  he^ht,  hence- 
forward diminishing  in  intensity. 

The  splitting  of  the  mesoblast  has  now  extended  to  the  outer  limit 
of  the  vascular  area,  i.e.  over  about  three-quarters  of  the  yolk-sack. 
The  somatopleure  at  this  point  is  continuous  (as  can  be  easily 
seen  by  reference  to  fig.  121)  with  the  original  outer  fold  of  the 
amnion.  It  thus  comes  about  that  the  further  splitting  of  the  meso- 
blast merely  enlarges  the  cavity  in  which  the  allantois  lies.  The 
growth  of  this  oigan  keeps  pace  with  that  of  the  cavity  in  which 
it  is  placed.     Spread  out  over  the  greater  part  of  the  yolk-sack  as  a 
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6atteDed  bag  filled  with  fluid,  it  now  serves  as  the  chief  organ  of 
respiration.  It  is  indeed  very  vascular  and  a  marked  difference 
mav  be  observed  between  the  colour  of  the  blood  in  the  outgoing 
and  the  returoing  vessels. 

The  jolk  now  begins  to  diminisb  rapidly  in  bulk.  The  yolk-sack 
becomes  flaccid,  and  on  the  eleventh  day  is  thrown  into  a  series  of 
internal  folds,  abundantly  supplied  by  large  venous  trunka  By  this 
means  the  surface  of  alisorp^ou  is  largely  increased,  and  the  yolk  is 
more  and  more  rapidly  taken  up  by  the  blood-vessels,  and  in  a 
partially  assimilated  condition  transferred  to  the  body  of  the  embryo'. 
By  the  eleventh  day  the  abdominal  parietes,  though  still  much  looser 
and  less  firm  than  the  walls  of  the  chest,  may  be  said  to  be  definitely 
established ;  and  the  loops  of  intestine,  which  have  hitherto  been 
hanging  down  into  the  somatic  stalk,  are  henceforward  confined 
within  the  cavity  of  the  abdomen.  The  body  of  the  embryo  is 
therefore  completed ;  but  it  still  remains  connected  with  its  various 
appendages  by  a  narrow  somatic  umbilicus,  in  which  run  the  stalk  of 
the  allantois  and  the  solid  cord  suspending  the  yolk  sack. 

The  cleavage  of  the  mesoblast  is  still  prc^pressing,  and  the  yolk  is 
completely  invested  by  a  splancbnopleural  sack. 

""        ■     ■  ■  "  ■      ipreads  c   ' 


The  Eulantois  meanwhile  spreads  out  rapidly,  and  lies  over  the 
embryo  close  under  the  shell,  being  separated  from  the  shell  mem- 
brane by  nothing  more  than  the  attenuated  serous  envelope,  formed 
out  of  the  outer  primitive  fold  of  the  amnion  and  the  remains  of  the 
vitelline  membrane.  With  this  membrane  the  allantois  partially 
coalesces,  and  in  opening  an  egg  at  the  later  stages  of  incubation, 
unless  care  be  taken,  the  allantois  isiin  danger  of  being  torn  in  the 
removal  of  the  shell-membrane.  As  the  allantois  increases  in  size 
and  importance,  the  allantoic  vessels  are  correspondingly  developed. 

On  about  the  sixteenth  day,  the  white  having  entirely  disappeared, 
the  cleavage  of  the  mesoblast  is  carried  right  over  the  pole  of  the 
yolk  opposite  the  embryo,  and  is  thus  completed  (tig.  121),  The  yolk- 
sack  DOW,  like  the  allantois  which  closely  wraps  it  all  round,  lies  loose 
in  a  space  bounded  outside  the  body  by  the  serous  membrane,  and 
continuous  with  the  pleuroperitoneal  cavjty  of  the  body  of  the  embryo. 
Deposits  of  urates  now  become  abundant  in  the  allantoic  fluid. 

The  loose  and  flaccid  walls  of  the  abdomen  enclose  a  space  which 
the  empty  intestines  are  far  from  fllling,  and  on  the  nineteenth  day 
the  yolk -sack,  diminished  greatly  in  bulk  but  still  of  some  considerable 
size,  is  withdrawn  through  the  somatic  stalk  into  the  abdominal 
cavity,  which  it  largely  distends.  Outside  the  embryo  there  now 
remains  nothing  but  the  highly  vascular  allantois  and  the  bloodless 
serous  membrane  and  amnion.  The  amnion,  whose  fluid  during  the 
later  days  of  incubation  rapidly  diminishes,  is  continuous  at  the  um- 
bilicus with  the  body-walls  of  the  embryo.  The  serous  membrane 
(or  outer  primitive  amniotic  fold)  is,  by  the  completion  of  the  cleavage 
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of  the  mesoblast  aad  the  withdrawal  of  the  yolk-sack,  entirely  sei^a- 
rated  from  the  embryo.  The  cavity  of  the  aJlantois,  by  meaus  of  its 
sUlk  pasaing  through  the  umbilicus,  is  of  course  continuous  with  the 
cloaca. 

When  the  chick  is  about  to  be  hatched  it  thrusts  ita  beak  through 
the  egg-membranea  and  begins  to  breathe  the  air  contained  in  the 
air  chamber.  Thereupon  the  pulmonary  circulation  becomes  func- 
tionally active,  and  at  the  same  time  blood  ceases  to  flow  through  the 
allantoic  arteries.  The  allantois  shrivels  up,  the  umbilicus  becomes 
completely  closed,  and  the  chick,  piercing  the  shell  at  the  broad  end 
of  tne  egg  with  repeated  blows  of  its  beak,  casts  off  the  dried  re- 
mains of  allantois,  amnion  and  serous  membrane,  and  steps  out  into 
the  world. 
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CHAPTER  IX. 
REPTILIA. 


The  fonnatioD  of  the  germinal  layers  in  the  Keptilia  is  very 
imperfectly  known.  The  Lizard  has  been  studied  io  this  respect 
more  completely  than  other  types,  and  there  are  a  few  scattered 
observations  on  Turtles  and  Snakes. 

The  ovum  has  in  all  Keptilia  a  very  similar  structure  to  that  in 
Birds.  Impregnation  is  effected  in  the  upper  part  of  the  oviduct,  and 
the  early  stages  of  development  invariably  take  place  in  the  oviduct. 
A  few  forms  are  viviparous,  viz.  some  of  tLe  blindworms  amongst 
Lizards  (Anguis,  Seps),  and  some  of  the  Viperidse  and  Hydrophidse 
amongst  the  Serpents.  In  the  majority  of  cases,  however,  the 
eggs  are  laid  in  moist  earth,  sand,  &c  Around  the  true  ovum  an 
egg  shell  (of  the  same  general  nature  as  that  in  birds,  though 
usually  soft),  and  a  variable  quantity  of  albumen,  are  deposited  in 
the  oviduct.  The  extent  to  which  development  has  proceeded  in  the 
oviparous  forms  before  the  egga  are  laid  varies  greatly  iu  different 
species. 

The  general  features  of  the  development  {for  a  knowledge  of 
which  we  are  mainly  indebted  to  Ratbke's  beautiful  memoirs),  the 
structure  of  the  amnion  and  allantois,  &c.  are  very  much  the  same 
an  in  Birds. 

The  Lizards  will  he  taken  as  type  of  the  class,  and  a  few  note- 
worthy points  in  the  development  of  othec  groups  will  be  dealt  with 
at  the  close  of  the  Chapter.  The  following  description,  taken  in  the 
main  from  my  own  observations,  applies  to  Lacerta  muralis. 

The  segmentation  is  meroblastic,  and  similar  to  thnt  in  Birds. 
At  its  close  the  resulting  blastoderm  becomes  divided  into  two  layers, 
a  superficial  epiblast  formed  of  a  single  row  of  cells,  and  a  layer 
below  this  several  rows  deep.  Below  this  layer  fresh  segments 
continue  for  some  time  to  be  added  to  the  blastoderm  from  the  sub- 
jacent yolk. 

The  blastoderm,  which  is  thickened  at  its  edge,  spreads  rapidly 
over  the  yolk.  Shortly  before  the  yolk  is  half  enclosed  a  Bmall 
embryonic  shield  (area  pellucida)  makes  its  appearance  near  the  centre 
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of  the  blastoderm.  The  embryonic  shield  is  maiDly  distiDguished 
from  the  remalDder  of  the  blastoderm  by  the  more  columnar  character 
of  its  conBtituent  epiblast  cells.  It  is  somewhat  pyriform  in  shape, 
the  narrower  end  corresponding  with  the  future  posterior  end  of  the 
embryo.  At  the  hind  end  of  the  shield  a  somewhat  triangular 
primitive  streak  is  formed,  consisting  of  epiblast  continuous  below 
with  a  great  mass  of  rounded  mesoblast  cells,  probably  mainly  formed, 
as  in  the  bird,  by  a  proliferation  of  the  epiblast.  To  this  mass  uf  cbUb 
the  hypoblast  is  also  partially  adherent.  At  the  front  end  of  the 
streak  an  epiblastic  involution  appeaiB,  which  soon  becomes  extended 
into  a  passage  open  at  both  extremities,  leading  obliquely  forwards 
through  the  epiblast  to  the  space  below 
the  hypoblast.  The  walls  of  the  passi^ 
are  formed  of  a  layer  of  columnar  cells 
continuous  both  with  epiblast  and  hy- 
poblast In  front  of  the  priDiitive  streak 
the  body  of  the  embryo  becomes  first 
differentiated  by  the  formation  of  a 
medullary  plate  ;  and  at  the  same  time 
there  grows  out  from  the  primitive 
streak  a  layer  of  mesoblast,  whitm  spreads 
out  in  all  directions  between  the  epi- 
blast and  hypoblast.  In  the  region  of  the 
embiTo  the  mesoblast  plate  is  stated  by 
Kupfier  and  Benecke  to  be  continuous 
acrcms  the  middle  line,  but  this  appears 
very  improbable.  In  a  slightly  later 
stage  the  medullary  plate  becomes 
marked  by  a  shallow  groove,  and  the 
mesoblast  of  the  embryo  is  then  un- 
doubtedly constituted  of  two  lateral  ' 
places,  one  on  each  side  of  the  median 
line.  In  the  median  line  the  notochord 
arises  as  a  ridge-like  thickening  of  the 
bypoblastrwhich  is  continued  posteriorly 
into  the  tront  wall  of  the  passi^  men- 
tioned above. 

The  notochord  does  not  long  remain 
attached  to  the  hypoblast,  and  the 
separation  between  the  two  is  already 
effected  for  the  greater  part  of  the 
length  of  the  embryo  by  the  stage  re- 
presented in  fig.  129,  Fig.  126  repre- 
sents a  series  of  sections  through  this 
embrye. 

Iir  a  section  (A)  through  the  trunk 
of  the  embryo  a  short  way  in  front  of 
the  primitive  streak,  there  is  a  medullary 


m.g.  mednllai?  groove;  mtp; 
meaoblaatic  plate;  ep.  epiblast; 
ky.  bjpoblaat;  eh'.  nDtochordal 
thickening  of  hTpoblaat ;  eh.  nnto- 
chord;  ne.  ueurenterio  canal  fbla 
topore).  la  E.  lie  points  a  dive 
tionlum  of  the  neurenterio  cbdi 
into  the  primitive  etreak. 
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plate  with  a  shallow  groove  {mg),  well-developed  mesoblastic  plates 
{rmp),  already  divided  into  Bomatic  and  splanchnic  layers,  and  a  com- 
pletely form^  notochord  independent  of  the  hypoblast  Qiy).  In  the 
n§xt  dection  (B),taken  Justin  front  of  the  primitive  streak,  the  notochord 
'"is  attached  to  the  hypoblast,  and  the  medullary  groove  is  deeper ;  while 
in  the  section  following  (C),  which  passes  through  the  front  border 
of  the  primitive  streak,  the  notochord  and  hypoblast  have  become 
fused  with  the  epiblast.  The  section  behind  (D)  shews  the  neurenteric 
passage  leading  through  the  floor  of  the  medullary  groove  and  through 
the  hypoblast  (n«).  Oq  the  right  side  the  mesoblastic  plate  has  ^ 
come  continuous  with  the  walls  of  the  passage.  The  last  section  (E) 
passes  through  the  front  part  of  t&e  primitive  streak  behind  the 
passage.  The  mesoUsst,  ejHblast,  and  to  some  extent  the  hypoblast, 
are  now  fused  together  m  the  aaiat  line,,  and  in  the  middle  of  the 
fused  mass  is  seen  a  narrow  diverticulum  (ne)  which  is  probably 
equivalent  to  the  posterioi  divertiouium  of  the  neural  canal  in  Birds 
{vide  p.  136). 

Fta.  137.    DuouMMiTic  LDHOivtmnui.  BBOnait  or  ui  inBio  or  LACXBTi^ 
fp.  hoAjavnty;  am.  amnioD;  «.  neocenterio  oanal;  eh.  notochord;  hy.  hjpobliut; 


The  general  features  of  the  stage  wiU  beat  be  understood  by  an 
ezamication  of  the  diagrameaatic  longitudinal  section  represented 
in  6g.  127.  In  fr^nt  ie  shewn  the  amnion  {am),  growing  over 
the  head  of  the  embryo.  Tbe  irotochord  {ch)  is  seen  aa  an  in- 
dependent cord  for  the  greater  part  of  the  length  of  the  embryo,  but 
falls  into  the  hypoblast  shortly  in  front  of  the  neurenteric  passage. 
The  neurenteric  passage  is  shewn  at  ne,  and  behind  it  is  the  front 
part  of  the  primitive  streak. 

It  is  intoreBting  to  notice  the  remarkable  relations  of  the  notochord 
to  the  walla  of  the  iieureut«ric  passage.  More  or  less  Bimilar  relations  are 
also  well  marked  in  tbe  case  of  the  goose  and  the  fowl,  and  support  tbe  con- 
elusion,  dedncibte  from  the  lower  forms  of  Vertebrato,  that  the  notochord  is 
esaenttally  hypoblastic. 

The  passage  at  tbe  front  end  of  the  primitive  streak  forms  the  posterior 
boundary  of  the  medullary  plale,  though  4^e  medullary  groove  is  not  at 
first  continued  back  to  it.  The  anterior  wall  of  this  passuge  connects 
together  the  medullary  ]>late  and  tbe  notocbordal  ridge  of  the  bypobiast. 
In  the  stage  repreBent«d  in  fig.  126  and  129  the  medullary  groove  bos 
become  continued  back  to  the  opening  of  the  passage,  which  thus  becomes 
enclosed  in  the  medullaiy  folds,  and  forms  a  true  neurenteric  passage'. 

'  Kapffer  uid  Beneoke  (Ho.  i;4)  give  a  vei;  difiarent  Bcoonot  from  the  above  of 
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It  will  be  convenient  at  this  point  to  say  a  few  words  as  to  what 
ia  known  of  the  further  fate  of  the  neurentoric  canal,  and  the  early  develop- 
ment of  the  allantoia.  According  to  Strabl,  who  has  worked  on  Lacerta 
vivipara,  the  canal  gradually  oloseB  from  below  apwarda,  and  is  obliterated 
before  the  completion  of  the  nenral  canal.  The  lund  end  of  the  alimentary 
tract  appears  also  to  become  a  closed  canal  befom  this  stage. 

In  Lacerta  muralis  the  history  appears  to  be  somewhat  different,  and 
it  ia  more  especially  to  be  notic^l  that  in  this  species  the  hindgut 
does  not  become  closed  till  considerably  after  the  completion  of  the  neoral 
canaL  In  a  stage  shortly  after  that  last  described,  the  neurenteric  passage 
becomes  narrower.  The  next  stage  which  I  have  observed  is  considerably 
later.  The  neural  canal  has  become  completely  closed,  and  the  ttexure  of 
the  embryo  has  already  made  its  appearance.  There  ia  still  a  well-deve- 
loped, though  somewhat  slit-iike,  neurenteric  passage,  but  from  the  analogy 
of  birds,  it  is  not  impossible  that  it  may  have  in  the  meantime  closed  up 
and  opened  again.  It  has,  in  any  case,  the  same  relations  as  in  the  previous 
stage. 

It  leads  from  the  end  of  the  medullary  canal  (at  the  point  where  its 
walls  are  continuous  with  the  cells  of  the  primitive  streak)  round  the  end 
of  the  notochord,  which  here  becomes  continuous  with  the  medullary  cord, 
and  so  through  the  hypoblast  The  latter  layer  is  still  a  flat  sheet  without 
any  lateral  infolding ;  but  it  gives  rise,  behind  the  neurenteric  passage,  to 
a  blind  posteriorly  directed  diverticulum,  placed  in  the  body  cavity  behind 
the  embryo,  and  opening  at  the  ventral  face  of  the  apparent  hind  end 
of  the  primitive  streak.  There  is  very  little  doubt  that  this  divertioulnm 
is  the  commencing  allantois. 

At  a  somewhat  later  at^e  the  arrangement  of  these  parts  has  uuder^ 
gone  some  changes.  Their  relationa  are  ^ewn  in  the  sections  represented 
in  fig.  128. 

The  foremost  section  (A)  passes  through  the  alimentary  opening  of  the 
neurenteric  passage  {ne).  Above  this  opening  the  section  passes  through 
the  primitive  streak  (pr)  close  to  its  junction  with  the  walls  of  the 
medullary  canal.  The  hypoblast  is  folded  in  laterally,  but  the  gut  is  still 
open  below.  The  amnion  is  completely  established.  Id  the  next  section 
figured  (fi),  the  fourth  of  my  series,  the  gut  is  completely  closed  in;  and  the 
mesoblast  has  united  laterally  with  the  asial  tissue  of  the  primitive  streak. 
Vessels  to  supply  the  allantois  are  shewn  at  v. 

The  three  following  sectious  are  not  figured,  but  they  present  the  same 
features  as  B,  except  that  the  primitive  streak  gets  rapidly  smaller,  and  the 
lumen  of  the  gut  narrower.  The  section  following  (C)  represents,  I  believe, 
only  the  stalk  of  the  allantoic  diverticulum.     This  diverticulum  appears 

the  early  Laoertilian  development,  more  eapecially  in  what  conoems  tlie  so-called 
neurenteric  passage.  The;  believe  this  ttmcttu^  to  be  olosed  below,  and  to  form 
therafote  a  blind  sack  open  externally.  The  open  end  of  this  soak  the;  regard  as  the 
blastopore— an  interpretation  whioh  accords  with  my  own,  but  they  r^ard  the  sock  as 
the  rudiment  of  the  allODtolB,  and  hold  that  it  ia  equivslent  to  the  invaginated  archen- 
teron  of  Amphioins.  I  need  scarcely  say  that  I  believe  EnpfFer  and  Beoecke  to  have 
made  a  mistake  in  denying  the  existence  of  the  ventral  opening  of  this  organ.    Knpffer 


Bnbseqnent  paper  (No.  1(5)  states  that  my  descriptions  of  the  structore  of  this 
organ  do  not  correspond  with  the  fact.  I  have  perfeot  confidence  in  leaving  the  decision 
of  (his  point  to  future  obserrers,  and  mH  s^  that  my  observatione  have  already  been 
fully  oonfirmed  by  Btrahl  (No.  160),  who  baa  also  added  some  obssrvotioDB  on  the  later 
stages  to  whioh  I  shall  hereafter  have  ooeaiion  to  aUode. 
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to  bfl  formed  aa  uauaJ  of  hypoblast  (hy)  HDT«loped  by  splanchnic  mesoblast 
(me),  and  projects  into  the  section  of  tho  body  cavity  present  behind  the 
embryo.  Its  position  in  the  body  cavity  is  the  cause  of  its  somewhat 
peculiar  appearance  in  the  figure.  Had  the  whole  section  been  represented 
the  allantoic  would  have  been  enclosed  in  a  apace  between  the  serous  mem- 
brane (se)  and  a  layer  of  splanchnic  mesoblast  below  which  has  also  been 
omitt«d  in  fig.  B '.  It  still  points  directly  backwards,  as  it  priotitiTely  does 
in  the  chick,  vide  fig.  123  A,  and  Oasser,  No.  127,  Fl.  v.  Ggs.  1  and  2.  I  do 
not  understand  the  apparently  double  character  of  the  lumen  of  the  allantois. 
In  the  next  section  (not  figured)  the  lumen  of  the  allantoic  stalk  is  larger, 
but  still  apparently  double,  while  in  the  last  section  (D)  the  lumen  is 
considerably  enlarged  and  single.  The  neureuteric  canal  appears  to  close 
shortly  after  the  stage  last  described,  though  its  further  history  has  not 
been  followed  in  detail. 


a 


Piu.    129.    Four   thinsvebse   BKcnaNs  thbduob   ibe  binckb  bnd   op  a  iodho 

BHBBIO    Ot   LlCKBTA    UDIULIB. 

Bectiona  A  and  B  past  tlmingh  the  whole  embiTo,  while  G  and  D  only  pass  through 
the  sllantoU,  which  at  this  Btoge  projecta  baokwarda  into  the  section  of  the  body  oavity 
behind  the  primitive  atreok. 

ne.  neurenterio  ot^Dal ;  pr.  primitive  streak ;  hg.  hindgnt ;  fty.  hyiKjhlast ;  pp.  body 
cavity ;  am.  amnion ;  te.  seroiiB  envelope  (outer  limb  of  the  amnion  fold  not  yet 
aeparated  ^m  the  inner  limb  or  tme  amnion)  1  al.  allantoia ;  me.  mesoblsBtia  wall  of 
the  aUontoia ;  v.  vessels  paaeing  to  the  allantois. 

'  Owing  to  the  difScDlty  of  procuring  material  I  have  only  been  able  to  prepare  the 
too  seta  of  eeotioDB  jnat  deaoribed,  and  in  the  abaenee  of  a  fuller  seriea  there  ore  some 
points  in  the  interpretation  of  the  aeotiona  which  moat  remain  donbtfnl. 
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Qenerai  development  of  the  Embryo. 
The  formalioQ  of  the  embryo  commences  with  the  appearance  of 
the  medullary  plate,  the  sides  of  which 
soon  grow  up  to  form  the  medullary  folds. 
The  medullary  groove  is  developed  an- 
teriorly before  any  trace  of  it  is  visible 
behind.  In  a  general  way  the  closure  of 
the  groove  takes  place  as  in  Birds,  but 
the  anterior  part  of  the  body  is  very  early 
folded  off,  sinks  into  the  yolk,  and  becomes 
covered  over  by  the  amnion  as  by  a  hood 
(figs.  127  and  129).  All  this  takes  place 
before  the  closure  of  the  medullary  canal; 
aud  the  changes  of  this  part  are  quite 
concealed  from  view. 

The   closure  of  the   medullary  canal 
Fio,  129.    Bdbf»cb  tibw  oi*    commences  in  the  neck,  and  extends  for- 
W^t  """"^  "'  ^""*     wai^s   and   backwards ;    and    tbe    whole 
""^"amnion;   pr.  primitive     '^^^^    f   *^    '>'^''?    becomes    closed    in. 
Htreak.  while   the  groove    i8    still   largely   open 

behind. 
The  later  stages  in  the  development  of  the  Lacertilian  embryo 
do  not  require  a  detailed  description,  as  they  present  the  closest 
analogy  with  those  already  described  for  Aves,  The  embryo  soon 
turns  on  to  its  left  side;  and  then,  becoming  continuously  folded  off 
from  the  yolk,  passes  through  the  series  of  changes  of  form  with 
which  the  reader  is  already  familiar.  An  advanced  embryo  is  repre- 
sented in  fig.  130.  The  early  development  and  great  length  of  tbe 
tail,  which  is  spirally  coiled  on  the  ventral  stirface,  is  a  special  feature 
to  which  the  attention  of  tbe  reader  mtvy  be  called. 

Embryonic  Membranes  and   Yolk-Sack. 

The  early  development  of  the  cephalic  portion  of  the  amnion  has 
already  been  alluded  to.  The  first  traces  of  it  become  apparent 
while  the  medullary  groove  is  still  extremely  shallow.  The  medullary 
plate  in  the  region  of  the  head  forms  an  axial  strip  of  a  thickish  plate 
of  epiblaat.  The  edge  of  this  plate  coincides  with  the  line  of  the  am- 
niotic fold,  and  as  this  fold  rises  up  the  two  sides  of  the  plate  become 
bent  over  the  embryo  and  give  rise  to  the  inner  limb  of  tbe  amnion 
or  amnion  proper.  The  section  (fig.  127),  representing  tie  origin  of 
the  amniotic  hood  of  the  bead,  shews  very  well  how  the  space  between 
the  two  limbs  of  the  amnion  is  continuous  with  the  body  cavity. 
The  amnion  very  early  completely  encloses  the  embryo  (fig.  128  A 
and  B),  and  its  external  limb  or  serous  membrane,  after  separating 
from  the  true  amnion,  soon  approaches  and  fuses  with  the  vitelline 
membrane. 

The  first  development  of  the  allantois  as  a  diverticulum  of  the 
bypoblaot  covered  by  splanchnic  mesoblast,  at  the  apparent  posterior 


3y  Google 


REPTILIA. 


173 


Fio.  130.    Aj>tuicid 

U.IB  IB  AN  OVUtat  OBJECT 

The  embi^o  vaa  Tmin 


in  length  in  the  onrled 


end  of  the  primitive  streak,  has  been  described  on  pp.  170 — 171.    The 
allantoiE  continues  for  some 
time  to  point  directly  back-  «^ 

wards;  but  gradually  as- 
sumes a  more  ventral  direc- 
tioD;  and,  as  it  increases 
in  size,  extends  into  the  ^' 
space  between  the  serous 
membrane  and  amnion,  au 
eventually  to  form  a  large, 
highly  vascular,  flattened 
sack  immediately  below  the 
serous  membrane. 

The  Tolk-Sack.     The     // 
bUstoderm  spreads  in  the 
Lizard  with  very  great  ra- 
pidity over  the  yolk  to  form 
the  yolk  sack.     The  early 
appearance  of  the  area  pel- 
lucida,  or  as  it  has   been 
called  by  KupEfer  and  6e- 
necke  the  embryonic  shield, 
has    already   been    noted. 
Outside    this    a    vascular 
area,   which  has  the  same 
function  as  in  the  chick,  is 
not  long  in  making  its  ap- 
pearance.   In  all  Reptilia  the  vascular  channels  which  arise  in  the 
vascular  area,  and  the  vessels  carrying  the  blood  to  and  from  the 
vascular  area,  are  very  similar  to  those  in  the  chick.     In  the  Snake 
the  sinus  terminalis  never  attains  so  conspicuous  a  development  and  in 
Cbelonia  the  stage  with  a  pair  of  vitelline  arteries  is  preceded  by  a 
stage  in  which  tne  vascular  area  is  supplied,  as  it  permanently  is  in 
many  Mammals,  by  numerous  transverse  arterial  trunks,  coming  off 
from  the  dorsal  aorta  (Agassiz,  No.  164).    The  vascular  area  gradually 
envelopes  the  whole  yolk,  although  it  does  so  considerably  more  slowly 
than  the  general  blastoderm. 

OphicGa.  There  is,  as  might  have  been  anticipated,  a  very 
close  correspondence  in  general  development  between  the  Lacertilia 
and  Ophidia.  The  embryos  of  all  the  Amniota  are,  during  part  of 
their  development,  more  or  leas  spirally  coiled  about  their  long  axis. 
This  is  well  marked  in  the  chick  of  the  third  day ;  it  is  still  more 
pronounced  in  the  Lizard  (fig.  130) ;  but  it  reaches  its  masiraum  in 
the  Snake.  The  whole  Snake  embryo  has  at  the  time  when  most 
coiled  (Dutrochet,  Rathke)  somewhat  the  form  of  a  Trochus.  The 
base  of  the  spiral   is  formed  by  the  head,  while   the   majority  of 

'  This  Bgara  wm  dravn  (or  me  bj  Profeasor  Haddoo. 


fl.  fote-brain ;  rub.  mid-brain ;  eb.  oerebellnm; 
aa.  KudHo^  vesicle  (dosed);  ol.  oUaotoi?  pit; 
md.  mandible ;  hy.  hyoid  aroh ;  br.  branehial  arches ; 
ft.  fore-limb  1  m.  bind-limb. 
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tlie  coils  are  supplied  b;  the  tail.  There  are  ia  all  at  this  stage 
seven  coils,  and  the  spinj  is  right- handed. 

Another  point,  which  deserves  notice  in  the  Snake,  is  the  absence 
in  the  embryo  of  all  external  trace  of  the  limbs.  It  might  have  been 
anticipated,  on  the  analogy  of  the  branchial  arches,  that  rudiments  of 
the  limbs  would  be  preserved  in  the  embryo  even  when  limbs  were 
absent  in  the  adult.  Such,  however,  is  not  the  case.  It  is  however 
very  possible  that  rudiments  of  the  branchial  arches  and  clefts  have 
been  preserved  because  these  structures  were  functional  in  the  larva 
(Amphibia)  after  they  ceased  to  have  any  importance  in  the  adult; 
and  that  the  limbs  have  disappeared  even  in  the  embryo  because  in 
the  course  of  their  gradual  atrophy  there  was  no  advantage  to  the 
organism  in  their  being  specially  preserved  at  any  period  of  life', 

Gheloilis.'.  In  their  early  development  the  Cbelonia  resemble,  so 
far  as  is  known,  the  Lacertilia.  The  amnion  arises  early,  and  sooir 
forms  a  great  cephalic  hood.  Before  development  has  proceeded 
very  far  the  embryo  turns  over  on  to  its  left  side.  The  tail  in  many 
species  attains  a  very  considerable  development  (fig.  133).  The  chief 
peculiarity  in  the  form  of  the  embryo  (figs.  131,  132,  and  133)  is 
caused  by  the  development  of  the  carapace.  The  first  rudiment  of 
the  carapace  appears  in  the  form  of  two  longitudinal  folds,  extending 
above  the  line  of  insertion  of  the  fore-  and  hind-limbs,  which  have 
already  made   their   appearance  (fig.  131).     These   folds   are   aub- 


FlO.    131.       COELOHE    HITUS,    FIRST    BTAOE. 

^u.  aoditory  oapsale;  &r.  1  and  2,  branchial  uoliesi  C.  carapace;  E.  «ye;  f.b. 
rore-braiu; /.I.  fore-limb;  H.  heart;  Kb.  bind-braiu;  h.l.  hind-liinb;  Ay.  hjoid;  m.b. 
mid.brain ;  mn. ,  Mandible ;  mx.p.  maxillo-palatiae ;  ^.  nostril ;  u.  mubilieiis. 

sequently  prolonged  so  as  to  mark  out  the  area  of  the  carapace  on 
the  dorsal  surface.     On  the  surface  of  this  area  there  are  formed  the 

'  It  ifl  very  probable  that  in  those  Opbidia  in  which  traces  of  limbs  are  still 
preserved,  tbat  more  conspioaous  traces  would  be  fonnd  in  the  embrjos  than  in  the 
adnlts. 

'  Vide  Agassiz  (No.  164),  EnpSer  and  Benecke  (No.  154),  and  Parker  (No.  165). 
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homy  plates  (tortoiae  shell),  and  in  the  mesoblast  b«Iow  the  bony 
elements  of  the  carapace  (figu.  132  and  133). 

Immediately  after  hatching  the  yolk -sack  becomes  withdrawn  into 
the  body ;  while  the  external  part  of  the  allantois  shrivels  up. 


Fio.  183.    Cbilomi  MmiB,  rkco 
Letters  as  in  fig.  181. 


Fia.  139.     CmELONE  hidab,  third  mut 
Letteni  ai  id  Bg.  131.    r.  rostram. 
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CHAPTER  X. 


The  classical  researches  of  Bischoff  on  the  embryology  of  several 
mammalian  tjipes,  as  well  as  those  of  other  observers,  have  made  us 
acquainted  with  the  general  form  of  the  embryos  of  the  Placentalia, 
and  have  shewn  that,  except  in  the  earliest  st^es  of  development, 
there  is  a  close  agreement  between  them.  More  recently  Hensen, 
Schafer,  Kolliker,  Van  Beneden  and  Lieberkilha  have  shed  a 
large  amount  of  light  on  the  obscurer  points  of  the  earliest  deve- 
lopmental periods,  especially  iii  the  rabbit.  For  the  early  stf^es 
the  rabbit  necessarily  serves  as  type;  but  there  are  grounds  for 
thinking  that  not  inconsiderable  variations  are  likely  to  be  met 
with  in  other  species,  and  it  is  not  at  present  easy  to  assign  to 
some  of  the  developmental  features  their  true  value.  We  have  no 
knowledge  of  the  early  development  of  the  Omithodelphia  or  Mar- 
supialia. 

The  ovum  on  leaving  the  ovary  is  received  by  the  fimbriated 
extremity  of  the  Fallopian  tube,  down  which  it  slowly  travels.  It  is 
still  invested  by  the  zona  radiata,  .and  in  the  rabbit  an  albumioous 
envelope  is  formed  around  it  in  its  passage  downwards.  Impreg- 
nation takes  place  in  the  upper  part  of  the  Fallopian  tube,  and  is 
shortly  followed  by  the  segmentauon,  which  is  remarkable  amongst 
the  Amniota  for  beiug  complete. 

Although  this  process  (the  details  of  which  have  beeu  made 
known  by  the  brilliant  researches  of  Eld.  van  Beneden)  has  already 
been  shortly  dealt  with  as  it  occurs  in  the  rabbit  (Vol.  r.  p.  80)  it 
will  be  convenient  to  describe  it  again  with  somewhat  greater  detail. 

The  ovum  first  divides  into  two  nearly  equal  spheres,  of  which 
one  is  slightly  larger  and  more  transparent  than  the  other.  The 
larger  sphere  and  its  products  will  be  spoken  of  as  the  epiblastic 
spheres,  and  the  smaller  one  and  its  products  as  the  hypoblastic 
spheres,  in  accordance  with  their  different  destinations. 

Both  the  spheres  are  soon  divided  into  two,  and  each  of  the  four 
so  formed  into  two  again;  and  thus  a  stage  with  eight  spheres  ensues. 
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At  the  moment  of  their  first  separation  these  spheres  are  spherical, 
and  arranged  in  two  layers,  one  of  them  formed  of  the  four  epi- 
blastic  spheres,  and  the  other  of  the  four  hypobtastic.  This  position 
is  not  long  retained,  but  one  of  the  hjpoblastic  spheres  passes  to  the 
centre ;  and  the  whole  ovum  again  takes  a  aphencal  form. 

In  the  next  phase  of  segmentation  each  of  the  four  epibiastic 
spheres  divides  into  two,  and  the  ovum  thus  becomes  constituted  of 
twelve  spheres,  eight  epiblasttc  and  four  hypoblastic.  The  epiblastic 
spheres  have  now  become  markedly  smaller  than  the  hypoblastic. 

The  four  hypoblastic  spheres  nest  divide,  giving  rise,  together 
with  the  eight  epiblastic  spheres,  to  sixteen  spheres  in  all ;  which 
are  nearly  uniform  in  size.  Of  the  eight  hypoblastic  spheres  four 
soon  pass  to  the  centre,  while  the  eight  superficial  epiblastic  spheres 
form  a  kind  of  cup  partially  enclosing  the  hypoblastic  spheres.  The 
epiblastic  spheres  now  divide  in  their  turn,  giving  rise  to  sixteen 
spheres  which  largely  enclose  the  hypoblastic  spheres.  The  seg- 
mentation of  both  epiblastic  and  hypoblastic  spheres  continues,  and 
in  the  course  of  it  the  epiblastic  spheres  spread  further  and  further 


Fia.  134.    Optical  BBCTtone  m  a  Babbit's  otuh  at  tto  btaobs  olobeli 

roLLowiHo  npoN  THE  BEaMEHTAiioH.     (MtOT  B.  vBD  Beneden.) 

tp.  epiblMt;   hy.  priiniu7  hjimbUst;  bp.  Van  Beoeden's  blastopore. 

The  shading  of  the  epiblast  and  hypoblast  is  diBgmnmatu). 

over  the  hypoblastic,  so  that  at  the  close  of  segmentation  the  hypo- 
blastic spheres  constitute  a  central  solid  mass  almost  entirely  sur- 
rounded by  the  epiblastic  spheres.  In  a  small  circulajr  area  however 
the  hypoblastic  spheres  remain  for  some  time  exposed  at  the  surface 
{6g.  134  A). 

The  whole  process  of  segmentation  is  completed  in  the  rabbit 
■about  seventy  hours  after  impregnation.  At  its  close  the  epiblast 
cells,  as  they  may  now  be  called,  are  clear,  and  have  an  irregularly 
cubical  form ;  while  the  hypoblast  cells  are  polygonal  and  granular, 
and  somewhat  lai^er  than  the  epiblast  cells. 

The  opening  in  the  epiblastic  layer  whei'e  the  hypoblast  cells  are 
exposed  on   the  surface  may  for  convenience  be  called   with  Van 
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Beneden  the  blastopure,  though  it  is  highly  improbable  t^lat  it  in 
any  way  corresponds  with  the  blastopore  of  other  vertebrat«  ova '. 

After  its  Begmentatioit  the  ovum  passes  into  the  uterus.  The 
epiblast  cells  soon  grow  over  the  blastopore  and  thus  form  a  complete 
superficial  layer.  A  series  of  changes  next  take  place  which  result 
in  the  formation  of  what  has  been  called  the  blastodermic  vesicle. 
To  EkI.  van  Beneden  we  owe  the  fullest  account  of  these  changes; 
to  Hensen  and  Kblliker  however  we  are  also  indebted  for  valuable 
observations,  especially  on  the  later  stages  in  the  development  of  this 
vesicle. 

The  succeeding  changes  commence  with  the  appearance  of  a 
narrow  cavity  between  the 
epiblast  and  hypoblast, 
which  extends  so  as  com- 
pletely to  separate  these 
two  layers  except  in  the 
region  adjoining  the  ori- 
ginal site  of  the  blastopore 
(fig.  134.  B)*.  The  cavity 
so  formed  rapidly  enlarges, 
and  with  it  tne  ovum  also  ; 
which  soon  takes  the  form 
of  a  thin  -  walled  vesicle 
with  a  large  central  cavity. 
This  vesicle  is  the  blaeto- 
dermic  vesicle.  The  greater 
pail  of  its  walls  are  formed 
of  a  single  row  of  flattened 
epiblast   cells;   while   the 

hypoblast  cells  form  a  small 

lens-shaped  mass  attached     aocu   afteb 

to  the  inner  side  of  the,  B«™den.) 

oniblast  «(lla  ^ficr   1351  ^'  **"^  °'  bU»U>darmic  yemole  (yolk-Back); 

epiDiast  ceiia  (ng.  i.ao).  ^    epiblBrt;    hy.  primitiTe  hypoblMt;    Zp.  mn- 

la    the    Tespertilionidn     coiu  envelope  (sona  peUodda). 
Van  Beneden  and  Julin  have 

shewn  that  the  ovum  undei^oes  at  the  close  of  aegmeutation  changes  of 
a  more  or  less  aimilar  nature  to  those  in  the  rabbit;  the  blastopora  would 
however  appear  to  be  wider,  and  to  peraifit  even  after  the  cavity  of  the 
blastodermic  vesicle  has  commenced  to  be  developed. 

Although  by  this  stage,  which  occurs  in  the  rabbit  between 
seventy  and  ninety  hours  luter  impregnation,  the  blastodermic  vesicle 

1  It  U  stated  by  BUohoR  that  Portly  after  impregnatioa,  and  before  the  oommence- 
ment  of  tbe  Begmeutatioit,  the  ova  of  the  rabbit  aud  gaioea-pig  are  oovered  with  oilia 
and  ^hibit  Ube  pbenomeDon  of  rotation.     Tfaia  has  not  been   noticed  by  nthei 


(After 
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■  Van  Beneden  ngards  it  a 
euentrically  in  relation  to  the 
epiblast. 
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has  by  no  meaDs  attaioed  its  greatest  dimenBions,  it  has  nevertheless 
grown  from  about  0'09  mm. — the  size  of  the  ovum  at  the  close  of 
segmentation — to  about  0'28,  It  is  enclosed  by  a  membrane  formed 
from  the  zona  radiata  and  the  mucous  layer  around  it  The  blas- 
todermic vesicle  continues  to  enlai^  rapidly,  and  durii^  the  process 
the  hypoblastic  mass  undei^oes  important  changes.  It  spreads  out  on 
the  inner  side  of  the  epiblast  and  at  the  same  time  loses  its  lens-like 
form  and  becomes  flattened.  The  central  part  of  it  remains  however 
thicker,  and  is  constituted  of  two  rows  of  cells,  while  the  peripheral 
part,  the  outer  boundary  of  which  is  irregular,  is  formed  of  an 
imperfect  layer  of  amoeboid  cells  which  continually  spread  further 
and  further  within  the  epiblast.  The  central  thickening  of  the 
hypoblast  forms  an  opaque  circular  spot  on  the  blastoderm,  which 
constitutes  the  commencement  of  the  embryonic  area. 

The  history  of  the  stages  immediately  following,  from  about  the 
commencement  of  the  fifth  day  to  the  seventh  day,  when  a  primitive 
streak  makes  its  appearance,  is  imperfectly  understood,  and  has  been 
interpreted  very  differently  by  Van  Beneden  (No.  171)  on  the  one 
hand  and  by  KoUiker  (184),  Rauber  (187)  and  Lieberkiihn  {186)  on 
the  othei'.  I  have  myself  in  conjunction  with  my  pupil,  Mr  Heape, 
also  conducted  some  investigations  on  these  stages,  which  have  un- 
fortunately not  as  yet  led  me  to  a  completely  satisfactoiy  recon- 
ciliation of  the  opposing  views. 

Van  Beneden  states  that  about  five  days  after  iinpr^;natioD  die  hypo- 
bltwt  cells  in  the  embryonic  area  become  divided  into  two  distinct  strata, 
an  upper  stratum  of  amall  cells  adjoining  the  epiblast  and  a  lower  stratuni 
of  flattened  cells  which  form  the  true  bypoblaxt.  At  the  edge  of  the  em- 
bryonic area  the  hypoblast  ia  continuoua  with  a  peripheral  ring  of  the 
amceboid  cells  of  the  earlier  stage,  which  now  form,  except  at  the  edge  of 
the  ring,  »  continuous  layer  of  flattened  cells  in  contact  with  the  epiblast. 
During  the  sixth  day  the  flattened  epiblast  cells  are  believed  by  Van 
Beneden  to  become  columnar.  The  embryonic  area  gradually  extends 
itself,  and  as  it  does  so  becomes  ovaL  A  central  lighter  poHion  next 
becomes  apparent,  which  gradually  spreads,  till  eventually  the  darker  part 
of  the  embryonic  area  forms  a  crescent  at  the  posterior  part  of  the  now 
somewhat  pyriform  embryonic  area.  The  lighter  part  is  formed  of  columnar 
epiblast  and  hypoblast  only,  while  in  the  darker  area  a  layer  of  the  nieso- 
blast,  derived  from  the  intermediate  layer  of  the  fifth  day,  is  also  found. 
In  this  darker  area  the  primitiTe  streak  originates  early  on  the  seventh 
day. 

Kolbker,  following  the  lines  originally  laid  down  by  Rauber,  has  ar- 
rived at  very  different  results.  He  starts  from  the  three-layered  condition 
described  by  Van  Beneden  for  the  fifth  day,  but  does  not  give  any  inveati- 
gHtioQs  of  his  own  as  to  the  origin  of  the  middle  layer.  He  holds  the  outer 
layer  to  be  a  provisional  layer  of  protective  cells,  forming  part  of  the  wall  of 
the  original  vesicle,  the  middle  layer  he  regards  as  the  true  epiblast  and 
the  inner  layer  as  ttie  hypoblast. 

During  the  sixth  day  he  finds  that  the  cells  of  the  outer  layer  gradually 
cease  to  form  a  continuous  layer  and  finally  disappear;  while  the  cells  of 
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the  middle  layer  become  columaai-,  and  form  the  columnar  epiblast  present 
in  the  embjonic  area  at  the  end  of  the  sixth  day.  The  mesoblaat  first  takes 
its  origin  in  the  region  and  on  the  formation  of  the  primitive  streak. 

The  investigations  of  Heape  and  myself  do  not  extend  to  the  firat  for- 
mation of  the  intermediate  layer  found  on  the  fifth  day.  We  find  on  the 
sixth  day  in  germinal  veaiolea  of  about  2-2 — 25  millimelrea  in  diameter 
with  embryonic  areas  of  about  8  mm!  that  the  embryonic  area  (tig.  136) 
is  throughout  componed  of 

(1)  A  layer  of  flattened  hypoblast  cells  ; 

(2)  A  somewhat  irregular  layer  of  more  columnar  elements,  in  some 
places  only  a  single  row  deep  and  in  other  places  two  or  mor6,mws  deep. 

(3)  Flat  elements  on  the  surface,  which  do  not,  however,  form  a  oon- 
tinuons  layer,  and  are  intimately  attAche<l  to  the  columnar  cells  below. 

Our  results  as  to  the  structure  of  the  blastoderm  at  this  stage  closely 
correspond  therefore  with  those  of  KSlliker,  but  on  one  impoi-tant  point  we 
have  arrived  at  a  different  conclusion.  Kiilliker  states  that  he  has  never 
found  the  flattened  dements  in  the  act  of  becoming  columnar.  We  believe 
that  we  have  in  many  inat&nces  been  able  to  trace  them  in  the  act  of 
undei^ing  this  change,  and  have  attempted  to  shew  this  in  our  figure. 

Our  next  oldext  embryonic  areas  were  somewhat  pyriform  measuring 
about  119  ram.  in  length  and  83  in  breadth.  Of  these  we  have  several, 
some  from  a  rabbit  in  which  we  also  met  with  younger  still  nearly  circular 
^^gfxaa.  All  of  them  had  a  distinctly  marked  posterior  opacity  forming  a  com- 
mencing primitive  streak,  though  decidedly  leas  advanced  than  in  the  blasto- 
detm  represented  in  fig.  140.  In  the  younger  specimens  the  epibtast  in  front 
of  the  primitive  streak  was  formed  of  a  single  row  of  columnar  cells  (fig. 
138  A),  no  mesoblast  was  present  and  the  hypoblast  formed  a  layer  of 
flattened  cells.  In  the  region  immediately  in  front  of  the  primitive  streak, 
an  irregular  layer  of  mesoblast  celb  was  interposed  between  the  epiblast 
and  hypoblast  In  the  anteriorpart  of  the  primitive  sti-eak  itself  (fig.  138  B) 
there  was  a  layer  of  mesoblast  with  a  considerable  lateral  extension,  while 
in  the  median  line  there  was  a  distinct  mesoblastic  proliferation  of  epiblast 
cells.  In  the  posterior  sections  the  lateral  extension  of  the  mesoblast  was 
less,  but  the  mesoblast  cells  formed  a  thicker  cord  in  the  axial  line. 

Owing  to  the  unsatisfactory  character  of  our  data  the  following 
attempt  to  £11  in  the  history  of  the  fifth  and  sixth  days  must  he 
regarded  aa  tentative*.  At  the  commencement  of  the  fifth  day  the 
central  thickening,  of  wltat  has  been  called  above  the  primitive 
hypoblast,  becomes  divided  into  two  layers :  the  lower  of  these  is 
cuutinuoas  with  the  peripheral  hypoblast  and  is  formed  of  flattened 
cells,  while  the  upper  one  is  formed  of  small  rounded  elements.  The 
superficial  epiblast  again  is  formed  of  flattened  cells. 

During  the  fifth  day  remarkable  changes  take  place  in  the  epi- 
blast of  the  embryonic  area.     It  is  probable  that  its  constitueut  cells 

'  The  attempt  made  below  to  frame  a  consecntiTe  history  out  oF  the  contradiotoi? 
data  at  my  disposal  is  not  entirely  MtiefacCory.  Should  Kolliker's  view  tiiiu  out  t^i  be 
quite  correct,  Uie  origin  of  the  middle  Uyer  of  the  fifth  dsy,  which  KoUiker  believes 
to  become  the  permaneDt  epiblart,  will  have  to  be  worked  oat  again,-  in  order  to 
determine  whether  it  really  comee.  as  it  is  stated  by  Van  Benedeti  to  do,  from  Ihe 
primitive  hypablsHt. 
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iacreaee  in   number  and  become  one  by  one  column&r;    and  that 
in   the   process  they  press  t^inst  the  layer  of  rounded  elements 


below  them,  so  that  the  two  layers  cease  to  be  distinguishable,  and  the 
wkule  embryonic  area  acquires  in  section  the  characters  represented 
in  fig.  136',  Towards  the  end  of  the  sixth  day  the  embryonic  area 
becomes  oval,  but  the  changes  which  next  take  place  are  not  under- 
stood. In  the  front  part  of  the  area  only  two  layers  of  cells  are  fouod, 
(1)  an  hypoblast,  and  (2)  an  epiblast  of  columnar  cells  probably 
derived  from  the  flattened  epiblast  cells  of  the  earlier  stages.  In 
the  posterior  part  of  the  blastoderm  a  middle  layer  is  present  (Van 
Beneden)  in  additioo  to  the  two  other  layers ;  and  this  layer  probably 
originates  from  the  middle  layer  which  extended  throughout  the  area 
at  the  beginning  of  the  filth  day,  and  then  became  fused  with  the 
epiblast.  The  middle  layer  does  not  give  rise  to  the  whole  of  the 
eventual  mesoblast,  but  only  to  part  of  it.  From  its  origin  it  may 
be  called  the  hypoblastic  mesoblast,  and  it  is  probably  equivalent  to  the 


Fia.  187.    T»v8 


ar  THB  Bi^aroDBtiMic  tesiclb  or  i  Babbit  on  the  bi 
A.     K.  fiam  above,  B.  from  the  side.     (From  Edlliker.) 
ubryonic  &rea|    gr.  boundary  of  the  hjpobl&st. 


>  The  section  figured  tnaj'  perhaps  hardly  appear  to  juBtify  this  view ;  I 
nation  ot  a  lar(;er  number  of  nectionn  in.  however,  toore  favoarable  to  it,  b 
be  admitted  thai  the  interpretation  is  hf  no  mcani>  thoroughlj  Batiefsctorv. 
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liypoblaBtic  mesoblast  already  described  in  the  chick  (p.  128  aod  129). 
The  stage  just  described  has  only  been  met  witji  by  Van  Beneden*. 

A  diagram  malic  view  of  the  whole  blastodermic  vesicle  at  about 
the  beginning  of  the  seventh  day  is  given  in  tig.  137.  The  em- 
bryonic area  is  represented  in  white.     The  line  ge  in  B  shews  the 


'  KQllikei  doei  no 
him  Bel  [.     It  ftppcaro 
it,  than  that  V&n  Beneden  I'l 
deiHiribed  a  stAK^  whicb  has 


believe  in  the  exietcnoe  of  this  stage,  having  never  met  with  it 

:,  however,  more  probable  that  Killliker  baa  failed  to  obtain 

been  Railt;  of  aiicb  an  eitraordinarj'  blnoder  ax  to  have 
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extension  of  tlie  hypoblast  round  the  inner  aide  of  the  vesicle.  The 
lilastodermic  vesicle  ig  therefore  formed  of  three  areas,  (1)  the  em- 
bryonic area  with  three  layers  :  this  area  is  placed  where  the  blasto- 
pore was  originally  situated.  (2)  The  ring  around  the  embryonic 
area  where  the  walls  of  the  vesicle  are  formed  of  epiblast  and 
hypoblast.  (3)  The  area  beyond  this  again  where  the  vesicle  is 
formed  of  epiblast  only",  ' 

The  changes  which  nest  take  place  begin  with  the  formation  of 
a  primitive  streak,  homologous  with,  and  in  most  respects  similar  to, 
the  primitive  streak  in  Birds.  The  formation  of  the  streak  is  pre- 
ceded by  that  of  a  clear  spot  near  the  middle  of  the  blastoderm, 
forming  the  nodal  point  of  Hensen.  This  spot  subsequently  consti- 
tutes the  front  end  of  the  primitive  streak. 

The  history  Qf  the  primitive  streak  was  first  worked  out  in  a 
satisfactory  manner  by  Hensen  (No.  182},  from  whom  however  I 
differ  in  admitting  the  existence  of  a  certain  part  of  the  mesoblast 
before  its  appearance. 

Early  on  the  seventh  day  the  embryonic  area  becomes  pyriforra, 
and  at  its  posterior  and  narrower  end  a  primitive  streak  makes  its 
appearance,  which  is  due  to  a  proliferation  of  rounded  cells  from  the 
epiblast.  At  the  time'  when  this  proliferation  commences  the  layer 
of  hypoblastic  mesoblast  is  present,  especially  just  in  front  of,  and  at 
the  sides  of,  the  anterior  part  of  the  streak ;  but  no  mesoblast  is 
found  in  the  anterior  part  of  the  embryonic  area.  These  features 
are  shewn  in  fig.  138  A  and  B.  The  mesoblast  derived  from  the 
proliferation  of  the  epiblast  soon  joins  the  mesoblast  already  present ; 
though  iu  many  sections  it  seems  possible  to  trace  a  separation 
between  the  two  parts  (fig.  139  B)  of  the  mesoblast. 

During  the  seventh  day  the  primitive  streak  becomes  a  more 
pronounced  stnicture,  the  mesoblast  in  its  neighbourhood  increases 
in  quantity,  while  an  axial  groove — the  primitive  groove — :is  formed 


i'la.  139.     Two  tbanbvbrbe 

The  emfarjo  hns  nearl;  the  stractnre  represeoted 

A.  is  taken  throoRh  the  anterior  part  of  the  embryonic 
half  the  breadth  of  the  area,  and  there  ii  no  ti 
meBoblast. 

B.  iB  taken  through  the  posterior  part  of  the  primitive  streak. 

ep.  epiblaflt;    Ity.  hypobhwt. 


Gg.  140. 

It  represents  about 
medullary  groove  or  of  the 
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OD  its  upper  surface.  The  mesoblastic  layer  io  Jront  of  the  primitive 
streak  becomes  thicker,  and,  in  the  two-layered  region  in  front,  th^ 
epiblast  becomes  several  rows  deep  (fig,  139  A). 

la  tbe  part  of  the  embryonic  area  in  front  of  the  primitive  streak 
there  arise  during  the  eighth  day  two  folds  bounding  a  shallow 
median  groove,  which  meet  in  front,  but 
diverge  behind,  and  enclose  between  them 
the  foremost  end  of  the  primitive  streak 
(fig.  141).  These  folds  are  the  medullary 
folds  ami  they  constitute  the  first  definite 

traces   of   the   embryo.      The   medullary  I 

plate  bounded  by  them  rapidly  grows  in 
length,  the  primitive  streak  always  re- 
maining at  its  hinder  end.  While  the 
lateral  epiblast  is  formed  of  several  rows 
of  cells,  that  of  the  medullary  plate  is  at 
tirat  formed  of  but  a  single  row  (fig.  W^mg). 
The  mesoblast,  which  appears  to  grow  for- 
ward from  the  primitive  streak,  is  stated 
to  be  at  first  a  continuous  sheet  between 
the  epiblaitand  hypoblast  (Hensen).  The 
evidence  on  this  point  does  not  however 
appear  to  me  to  oe  quite  conclusive.     In  any  case,  a«  s 


Fio.  liO.    Ehbstohic  abba 

V       AK      KIOHT       DAIB'      IUBBIT. 

(After  EoUiker.) 

Bmbrjooifl  ares;    pr. 
primitiTe  streak. 


1  ns  ever 


Fio.  141. 
o.  place  of  future 
Off.  eiitbr;oiuo  area. 


0  Babbit.     (From  E61liker.) 
rf.  mednllat;  groove;   ft.  primitive  streak; 
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the  medullary  groove  is  formed,  the  meeoblaBt  becomes  divided,  exactly 
as  in  Lacerta  and  Elasmobranchii,  into  two  indepeodent  latei-al  plates, 
which  are  not  contiiliious  across  the  middle  line  (fig.  142  me).  The 
hypoblast  cells  are  flattened  laterally,  but  become  columnar  beneath 
the  medullary  plate  (fig.  142), 

In  tracing  the  changes  which  take  place  in  the  relations  of  the 
layers,  in  passing  from  the  region  of  the  embryo  to  that  of  the 
primitive  streak,  it  will  be  convenient  to  follow  the  account  given  by 
Schafer  for  the  guinea-pig  (No.  190),  which  on  this  point  is  far  fuller 
and  more  satisfactory  than  that  of  other  observers.  In  doing  so  I 
shall  leave  out  of  consideration  the  fact  (fully  dealt  with  later  in  this 
chapter)  that  the  layers  in  the  guinea-pig  are  inverted.  Fig,  143 
represents  a  series  of  sections  through  this  part  in  the  guinea-pig. 
The  anterior  section  (D)  passes  through  the  medullary  groove  near 
its  hinder  end.  The  commencement  of  the  primitive  streak  is 
marked  by  a  slight  prominence  on  the  floor  of  the  medullary  groove 
between  the  two  diverging  medullary  folds  (fig.  143  C,  ofi).  Wbere 
this  prominence  becomes  first  apparent  the  epiblast  and  hypoblast 


Via.  143.     TsANsressB  bbctioh  tbrodob  ah  khbbio  IUbbit  or  bioht  datb. 
cp.  epiblaat;  me.  mesoblut;  by.  hjpoblMtj  mg.  medDllftty  groove. 

are  united  together.  The  mesoblast  plates  at  the  two  sides  remain 
in  the  meantime  quite  free.  Slightly  further  back,  but  before  the 
primitive  groove  is  reached,  the  epiblast  and  hypoblast  are  connected 
together  by  a  cord  of  cells  (fig.  143  B,^),  which  in  the  section  next 
following  becomes  detached  from  the  hypoblast  and  forms  a  solid 
keel  projecting  from  the  epiblast,  In  the  following  section  the  hitherto 
independent  mesoblast  plates  become  united  with  this  keel  (fig. 
143  A) ;  and  in  the  posterior  sections,  through  the  part  of  the 
primitive  streak  with  the  primitive  groove,  the  epiblast  and  mesoblast 
continue  to  be  united  in  the  axial  line,  but  the  hypoblast  remains 
distinct.  Theae  peculiar  relations  may  shortly  be  described  by  saying 
that  in  the  axial  line  the  hypoblast  becomes  united  with  the  epiblast  a* 
the  posterior  end  of  the  embryo;  and  that  the  cells  which  connect  the 
hypoblast  and  epiblast  are  posteriorly  continuous  with  the  fused  epi- 
blast and  mesoblast  of  the  primitive  streak ,  the  hypoblast  in  the  region 
of  the  primitive  streak  having  become  distinct  from  the  other  layers. 
The  peculiar  relations  just  described,  which  hold  also  for  the 
rabbit,  receive  their  full  explanation  by  a  comparison  of  the  Mammal 
with  the  Bird  and  the  Lizard,  but  before  entering  into  this  comparison, 
it  will  be  welt  to  describe  the  next  stage  in  the  rabbit,  which  is  in 
many  respects  very  instructive.  In  this  stage  the  thickened  anial 
portion  of  i.ho  hypoblast  in  the  region  of  the  embryo  becomes  sepa- 
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rated  from  tlie  lateral  parte  as  the  uotochord.  Very  abortly  after 
the  formatiou  of  the  notochord,  the  hypoblast  grows  m  from  the 
two  aides,  aod  becomes  quite 
coQtinuous  across  the  middle 
line.  The  formation  of  the 
notochord  takes  place  frooi  be- 
fore backwards;  and  at  the 
hinder  end  of  the  embryo  the 
notochord  is  continned  into  the 
mass  of  cells  which  forms  the 
axis  of  the  primitive  streak, 
becoming  therefore  at  this  point 
ontinuous  with  the  epiblast. 
The  notochord  in  fact  behaves 
exactly  as  did  the  axial  hy- 
poblast in  the  earlier  st^e. 

la  comparison  with  Lftoerta 
{|i.  1 68  <k  1 69)  it  is  obvioua  that  the 
nxi&l  HyjioblaBt  and  the  notocliord 
derived  from  it  hHve  exactly  the 
same  relations  in  Mammalia  and 
Lacertilia..  In  both  the;  are  con- 
tinued Mt  the  hind  eod  of  the 
embryo  into  the  epiblast ;  and 
close  to  where  they  join  it,  the 
meaobliist  and  epiblast  fnse  to- 
gether to  fonu  the  primitive 
streak.  The  difference  between 
tht*  two  types  consists  in  the  fact 
that  in  Reptitia  there  is  formed 
a  |):hBsage  connecting  the  neurnl 
and  nlimentary  canHls,  the  front 
wall  of  which  in  constituted  by 
the  cells  which  form  the  above 
Junction  between  the  notochord 
■md  epiblast;  and  that  in  Mam- 
malia this  pasoage^which  is  only 
a  rudimentary  structure  in  Rep- 
tilia— has  either  been  overlooked  i 


OuiKBi.pio.    (After  Schftfet.) 

A.  in  the  pOBterior  section. 
e.  epiblast;  m.  DjeBoblast;  h.  bjpoblaet; 
ae.  axial  epiblaat  of  tbe  primitive  utreak} 
ah.  ailat  hypoblast  attached  in  B.  and  C.  to 
the  epibisst  at  the  mdimeiitaiy  blaatopore ; 
119.  medullary  groove;  /.  mdimenturj  blss- 


1'  eltie  is  absent.  In  any  case  the  axial 
junction  of  the  epiblast  and  hypoblast  iti  Mammnlia  is  shewn  by  the  above 
oompariaon  with  lacertilia  to  represent  the  dorsal  lip  of  the  true  verte- 
bral* blai-topoi'e.  The  pi'esence  of  this  blastopore  seems  to  render  it  clear 
that  the  blustotiora  discovered  by  Ed.  van  Beneden  caunot  have  the  mi;aaing 
he  assigned  to  it  in  couj>aring  it  with  the  blastopore  of  the  frog. 

Kblliker  adduces  the  fact  that  the  notochord  ii  continuous  with  the 
axial  cells  of  the  primitive  stieak  as  an  ailment  agaioHt  its  hypoblostic 
otigiii.  The  above  comparison  with  Lacertilia  altogether  deprives  this  argu- 
ment of  any  force. 

At  the  stage  we  have  now  reaeheil  tlio  three  layers  are  definitely 
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established.  The  epiblast  (on  the  view  adopted  above)  clearly  origi- 
nates from  epiblastic  Begmentation  cells.  The  hypoblast  without 
doubt  originates  from  the  hypoblastic  s^raentation  spheres  which 
give  rise  to  tlie  lenticulai'  mass  within  the  epiblast  on  the  appear* 
auce  of  the  cavity  of  the  blastodermic  vesicle ;  while,  though  the 
history  of  the  mesoblast  is  still  obscure,  part  of  it  appears  to  onginate 
from  the  hypoblastic  mass,  and  part  is  undoubtedly  formed  from  the 
epiblast  of  the  primitive  streak. 

While  these  chuiges  have  been  taking  place  the  rudiments  of  a 
vascular  area  become  formed,  and  it  is  very  possible  that  part  of  the 
hypoblastic  mesoblast  passes  in  between  the  epiblast  and  hypoblast,  ' 
immediately  around  the  embryonic  area,  to  give  rise  to  the  area 
vasculosa.  From  Kensen's  ol^ervation  it  seems  at  any  rate  clear 
that  the  mesoblast  of  the  vascular  area  arises  independently  of  the 
primitive  streak :  an  observation  which  is  borne  out  by  the  analogy 
of  Birds. 

General  growth  of  the  Embryo. 

We  have  seen  that  the  blastodermic  vesicle  becomes  divided  at 
an  early  stt^  of  development  into  an  embryonic  area,  and  a  non- 
embryonic  portion.  The  embryonic  area  gives  rise  to  the  whole  of 
the  body  of  the  embryo,  while  the  non-embryonic  part  forms  an  ap- 
pendage, known  as  theumbilical  vesicle,  which  becomes  gradually 
folded  off  from  the  embryo,  and  has  precisely  the  relations  of  the 
yolk-sack  of  the  Sauropsida.  It  is  almost  certain  that  the  Placentalia 
are  descended  from  ancestors,  the  embryos  of  which  had  large  yolk- 
sacks,  but  that  the  yolk  has  become  reduced  in  quantity  owing  to 
the  nutriment  received  from  the  wall  of  the  uterus  taking  the  place 
of  that  originally  supplied  by  the  yolk.  A  rudiment  of  the  yolk- 
sack  being  retained  in  the  umbiliod  vesicle,  this  structure  may  be 
called  indifferently  umbilical  vesicle  or  yolk-sack. 

The  yolk  which  fills  the  yolk-sack  in  Birds  is  replaced  in 
Mammals  by  a  coagulable  fluid  ;  while  the  gradual  extension  of  the 
hypoblast  round  the  wall  of  the  blastodermic  vesicle,  which  has 
already  been  described,  is  of  the  same  nature  as  the  growth  of  the 
hypoblast  round  the  yolk-sack  in  Birds. 

The  whole  embryonic  area  would  seem  to  be  employed  in  the 
formation  of  the  body  of  the  embryo.  Its  long  axis  has  no  very 
definite  relation  to  that  of  the  blastodermic  vesicle.  The  first  ex- 
ternal trace  of  the  embryo  to  appear  is  the  medullary  plate,  bounded 
by  the  medullary  folds,  and  occupying^  at  first  the  anterior  half 
of  the  embryonic  area  (fig.  141).  The  two  medullary  folds  diverge 
behind  and  enclose  the  front  end  of  the  primitive  streak.  As  the 
embryo  elongates,  the  medullary  folds  nearly  meet  behind  and  so 
cut  off  the  front  portion  of  the  primitive  streak,  which  then  appears 
as  a  projection  in  the  hind  end  of  the  medullary  groove.  In  an 
embryo  rabbit,  eight  days  after  impregnation,  the  medullary  groove 
is  abnut  180  mm.  in  length.     At  this  stage  a  division  may  be  clearly 
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seen  in  the  lateral  plates  of  meaoblast  into  a  vertebral  zone  adjoining 
the  embryo  and  a  more  peripheral  lateral  zone ;  and  in  the  verte- 
bral zone  indications  of  two  somitee,  about  037  mm.  from  the  hinder 
end  of  the  embryo,  become  apparent.  The  foremost  of  these  somites 
marks  the  junction,  or  very  nearly  so,  of  the  cephalic  region  and 
trunk.  The  small  size  of  the  latter  as  compared  vith  the  former  in 
very  striking,  but  is  characteristic  of  Vertebrates  generally.  The 
trunk  gradually  elongates  relatively  to  the  head,  by  the  addition 
behind  of  fresh  somites.  The  embryo  has  not  yet  begun  to  be 
folded  ofiF  from  the  yolk-sack.  In  a  slightly  older  embryo  of  nine 
days  tbere  appears  (Henseo,  Kollikei)  round  the  embryonic  area 
a  delicate  clear  ring  which  is  narrower  in  front  than  behind  (fig. 
144  A.  ap).  This  ring  is  regarded  by  these  authors  as  representing 
the  peripheral  part  of  the  area  pellucida  of  Birds,  which  does  not 


Fio.  Hi.    EnHTo  Babbits  or  about  mine  datb  mou  thk  DOBiAL  bidb. 

(From  Edlliker.) 

A.  ma^nifled  33  times,  uid  B.  ai  tinier 

ap.  Kre>  pdlacida ;  rf.  medaUai?  groove ;  h'.  medallary  plate  in  the  region  ot  the 

fntnM  fote-bnin ;  h".  mednllarj  ^late  in  the  region  of  the  fatare  mid-lrain;  vh.  fore. 

brain;   ab.  optic  veucle;   rah.  tnid-brain;   Aft.  and  h'".  hind-brain;    xik^  msBoblastio 

■omite;  it;,  vertebral  zone;  pi.  lateral  loao;  lu.  and  h.  heart;  pit.  pericardial  section 

of  body-cavit?;  no.  vitelline  vein;  a/,  aamlou  fold. 
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become  converted  into  the  l)udy  of  the  embryo.  Outside  the  area 
pellucida,  an  area  vasculosa  bae  become  very  well  defined.  In  the 
embryo  itself  (fig.  144  A)  the  dispi-oportion  between  head  aod  trunk 
is  less  marked  than  before;  the  medullary  plate  dilates  anteriorly 
to  form  a  Bpatula-shaped  cepbalic  eDlargetnent;  and  three  or  four 
somites  are  established.  In  the  lateral  parts  of  the  mesoblafit  of 
the  head  there  may  be  seen  on  each  side  a  tube-like  structure  (hz). 
E^h  of  these  is  part  of  the  beart,  which  arises  as  two  indepeDdent 
tubes.  The  remains  of  the  primitive  streak  [pr)  are  Btill  present 
behind  the  medullary  groove. 

In  somewhat  older  embryos  (fig.  141  B)  with  about  eight  Roniites, 
in  which  the  trunk  considerably  exceeds  the  bead  in  length,  the  first 
distinct  traces  of  the  folding-ofif  of  the  head  end  of  the  embryo 
become  apparent,  and  somewhat  later  a  fold  abo  appears  at  the  hind 
end.  In  the  formation  of  the  bind  end  of  the  embryo  the  primitive 
streak  gives  rise  to  a  tail  swelling  and  to  part  of  the  ventral  wall 
of  the  post-anal  gut.  In  the  region  of  the  head  the  rudiments 
of  the  heart  (A)  are  far  more  definite.  The  medullary  groove 
is  still  open  for  ita  whole  length,  but  in  the  bead  it  exhibits  a 
series  of  well-marked  dilatations.  The  foremost  of  these  (vA)  is  the 
rudiment  of  the  fore-brain,  from  the  sides  of  which  there  project  the 
two  optic  vesicles  {ab) ;  the  next  is  the  mid-brain  (mA),  and  the  laat 
is  the  hind-brain  (AA),  which  is  again  divided  into  smaller  lobes  by 
successive  constrictions.  The  medullary  groove  behind  the  region  of 
the  somites  dilates  into  an  embryonic  sinus  rhomboidalis  like  that 
of  the  Bird.  Traces  of  the  amoion  {af)  are  uuw  apparent  both  in 
front  of  and  behind  the  embryo. 

The  structure  of  the  head  and  the  formation  of  the  heart  at  this 
age  are  illustrated  in  fig.  145.  The  widely-open  medullary  groove 
(rf)  is  shewn  in  the  centre.  Below  it  the  hypoblast  is  thickened  to 
form  the  notochord  dd' ;  and  at  the  sides  are  seen  the  two  tubes, 
which,  on  the  folding-in  of  the  fore-gut,  give  rise  to  the  unpaired  heart. 
£ach  of  these  is  formed  of  an  outer  muscular  tube  of  splanchnic 
mesoblaat  (ahh),  not  quite  closed  towards  the  hypoblast,  and  an  inner 
epithelioid  layer  (t^) ;  and  is  placed  in  a  special  section  of  the  body- 
cavity  (pA),  which  afterwards  forms  the  pericardial  cavity. 

Before  the  ninth  day  is  completed  great  external  changes  are 
usually  effected.  The  inedullary  groove  becomes  closed  for  its  whole 
length  with  the  exception  of  a  stmdl  posterior  portion.  The  closure 
commences,  as  in  Birds,  in  the  region  of  the  mid-brain.  Anteriorly 
the  folding-off  of  the  embryo  proceeds  so  far  that  the  head  becomes 
quite  free,  and  a  considerable  portion  of  the  throat,  ending  blindly 
in  front,  becomes  established.  In  the  course  of  this  folding  the, 
at  first  widely  separated,  halves  of  the  heart  are  brought  together, 
coalesce  on  the  ventral  side  of  the  throat,  and  so  give  rise  to  a 
median  undivided  heart.  The  fold  at  the  tail  end  of  the  embryo 
progresses  considerably,  and  during  its  advance  the  allantois  is 
Ibrmed   in   the   same   way  as   in   Bir<ls.     The  somites   increase   in 
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number  to  about  twelve.     The  amoiotic  fulds  nearly  meet  above  the 
embryo. 


1  Hill  I 


The  later  stases  in  the  developmeat  proceed  io  the  main  in  the 
same  manner  as  in  the  Bird.  The  cranial  flexure  soon  becomes  very 
marked,  the  mid-brain  forming  the  end  of  the  long  axis  of  the  embryo 
(fig.  146).  The  sense  organs  have  the  usual  development.  Under  the 
fore-brain  appears  an  epiblastic  involution  giving  rise  both  to  the 
mouth  and  to  the  pituitary  body.  Behind  the  mouth  are  three  welt- 
marked  pairs  of  visceral  arches.  The  first  of  these  is  the  mandibular 
arch  (fig.  146  md),  which  meets  its  fellow  in  the  middle  line,  and  forms 
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the  posterior  bouodary  of  the  mouth.  It  sends  forward  on  each  siile 
a  superior  maxillary  process  (mx)  which  partially  forma  the  anterior 
margin  of  the  mouth.  Behind  the  mandibular  arch  are  present  a 
well-developed  byoid  Qiy)  and  a  first  bmnchial  arch  (not  shewn  in 
fig.  146).  There  are  four  clefta,  as  in  other  Amniota,  but  the  fourtli 
is  not  bounded  behind  by  a  definite  arch.  Only  the  first  of  these 
clefts  persists  as  the  tytnpauic  cavity  and  Eustachian  tube. 

At  the  time  when  the  cranial  flexure  appears,  the  body  alsi> 


Fia.  14fl.     Aavikced  eiibbio  op  a  Babdit  (about  tvkltb  dath)'. 
mb.  mid-brsin;    tk.  tbalameneephaloD ;    ce.  oerebnl  hemUpbere;    op.  eye;   ir.v. 
fourth  ventriole;  mx.  mBiilUr;  pTOceas;  mil.  mandibnlM  arch;   Ihj.  h;oid  ircb;   /'. 
fore-limb;  M,  hind-liinb;  um.  mnbiliaal  ataUc. 

develops  a  sharp  flexure  immediately  behind  the  bead,  which  is  thus 
bent  forwards  upon  the  posterior  straight  pait  of  the  body  (fig.  146). 
The  amount  of  this  flexure  varies  somewhat  in  different  forms.  It  is 
very  marked  in  the  dog  (Bischoff).  At  a  later  period,  and  in  some 
species  even  before  the  stage  figured,  the  tail  end  of  the  body  also 
becomes  bent  (fig.  146),  so  that  the  whole  dorsal  side  assumes  a 
convex  curvature,  and  the  head  and  tail  become  closely  approxi- 
mated. In  most  cases  the  embryo,  on  the  development  of  the  tail, 
assumes  a  more  or  less  definite  spiral  curvature  (fig.  146);  which 
however  never  becomes  nearly  so  marked  a  feature  as  it  commonly 
is  in  Lacertilia  and  Ophidia.  With  the  more  complete  development 
of  the  lower  wall  of  the  body  the  ventral  flexure  partially  disappears, 
but  remains  more  or  less  persistent  till  near  the  close  of  intra-uterine 
life.  The  limbs  are  formed  a^  simple  buds  in  the  same  manner  as  in 
Birds.  The  buds  of  the  hind-limba  are  directed  somewhat  forwards, 
and  those  of  the  fore-limb  backwards. 

'  This  figure  vtm  drawn  for  mo  by  my  pupil,  Mr  Wheldon. 
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Enihryonic  vievibranes  and  yolk-sack. 

The  early  stages  in  the  development  of  the  embryonic  raem- 
bnmes  are  nearly  the  same  as  in  Aves ;  but  during  the  later  st^es 
in  the  Placentalia  the  atlantois  enters  into  peculiar  relations  with  the 
uterine  walls,  and  the  two,  together  with  the  interposed  portion  of  the 
eubzonal  membrane  or  false  amnion,  give  rise  to  a  very  characteristic 
Mammalian  oi^n — the  placenta — into  the  structure  nf  which  it  will 
be  necessary  to  enter  at  some  length.  The  embryonic  membranes 
vary  so  considerably  in  the  different  forms  that  it  will  be  advantageous 
to  commence  with  a  description  of  their  development  in  an  ideal 
case. 

We  may  commence  with  a  blastodermic  vesicle,  closely  invested  by 
the  delicate  remnant  of  the  zona  radiata,  at  the  stage  in  which  the 
medullary  groove  is  already  established.  Around  the  embryonic  area 
a  layer  of  mesohlast  would  have  extended  for  a  certain  distance  ;  so 
as  to  give  rise  to  an  area  vasculosa,  in  which  however  the  blood- 
vessels would  not  have  become  definitely  established.  Such  a  vesicle 
is  represented  diagram ni a tically  in  fig.  117,  i.  Somewhat  later  the 
embryo  begins  to  be  folded  off,  first  in  fi-ont  and  then  behind  (fig, 
117,  2).  These  folds  result  in  a  constriction  separating  the  embryo 
and  the  yolk-sack  {da),  or  as  it  is  known  in  Mammalian  embryology, 
the  umbilical  vesicle.  The  splitting  of  the  mesoblast  into  a 
splanchnic  and  a  somatic  layer  has  taken  place,  and  at  the  front  and 
hind  end  of  the  embryo  a  fold  {ks)  of  the  somatic  mesoblast  and 
epiblast  begins  to  rise  up  and  grow  over  the  head  and  tail  of  the 
embryo.  These  two  folds  form  the  commencement  of  the  amnion. 
The  bead  and  tail  folds  of  the  amnion  are  continued  round  the  two 
sides  of  the  embryo,  till  they  meet  and  unite  into  a  continuous  fold. 
This  fold  grows  gradually  upwards,  but  before  it  has  completely 
enveloped  the  embryo,  the  blood-vessels  of  the  area  vasculosa  become 
fully  developed.  They  are  arranged  in  a  manner  not  veiy  different 
from  that  in  the  chick. 

The  following  is  a  brief  account  of  their  arrangement  in  the 
Rabbit:— 

The  outer  boundary  of  the  area,  which  i«  continually  extending  further 
and  further  round  the  umbilical  vesicle,  is  marked  by  a  venous  sioiu 
terminaliB  (fig.  147,  st).  The  area  ie  not,  as  in  the  chick,  a  nearly  com- 
plete circle,  hut  is  in  front  divided  by  a  deep  indentation  extending  inwards 
to  the  level  of  the  heart.  la  consequence  of  this  indentation  the  einuH 
termtnalis  ends  in  front  in  two  branches,  which  bend  inwaids  and  fall 
directly  into  the  main  vitelline  veina  The  blood  is  brought  from  the 
dorsal  aortK  by  a  series  of  latei'al  vitelline  arteries,  and  not  by  a  single 
pair  as  in  the  chick.  These  arteries  break  up  into  a  more  deeply  situated 
arterial  network,  from  which  the  blood  is  continued  partly  into  the  ainuu 
toruinalis,  and  {lartly  into  a  supeiticial  veuous  network.  The  hindtv  end 
of  the  heart  is  continued  ioto  two  vitelline  veins,  each  of  which  divides 
into  au  anterior  and  a  posterior  branch.  The  anterior  branch  is  a  limh 
B.  E.  11.  13 
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FlO.     1*7.     TlVB    DUOBUllUTIQ    riODBEB    IU.D8tBATINa    IHK    FOKBiTWM    Ot   IBM 

rcETUi  VBiiBBANRS  OP  A  MiHMAi..     (Fiom  EQlliker.) 
In  1, 3,  S,  4  the  embryo  is  represented  in  loDgitndinal  aeetion. 
1.     Ovnm  with  lona  pellnoida,  blastodeimio  vesicle,  and  embryonic  area. 

3.  Onun  «ith  oommencing  formation  of  umbilical  vesicle  and  amnion. 
8.     Ovnm  with  amnion  abont  to  close,  and  oommencing  aljantoia. 

4.  Own  vith  villoag  gabzonal  membrane,  larger  aUantoia,  and  month  and  amia. 
6.    Ovnm  in  wbioh  the  mesoblast  of  the  allantoia  has  eitended  round  the  inner 

SQrface  of  the  snbzonal  membrane  and  united  with  it  to  form  the  ohorion.     The  cavity 
of  the  aHantois  is  aborted.    This  fig.  is  a  diagram  of  an  early  hnman  ovnm. 

d.  zona  radiata ;  d'.  processes  of  zona ;  lA.  snbEonal  membrane ;  eh.  oborios ; 
eft. I.  chorionic  villi;  am.  amnion;  ki.  head-fold  of  amnion;  n.tail.fold  of  amnion; 
a.  epiblaat  of  embryo;  a',  epiblast  of  non-embryonio  part  of  the  blaatodermio  v«aiole; 
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m.  embryouio  meBoblast;  m'.  DOD-embryonJc  mesoblast;  df.  area  Tssculosa;  tt.  sinun 
tarminftlin;  dd.  embrjonic  hypoblast;  i.  non -embryonic  hypoblast;  kh,  cavity  of  blas- 
todermio  veliole,  the  greater  part  of  which  becomes  the  cavity  of  the  umbilical  vesicle  d«. ; 
dg.  stalk  o(  nmbilioal  voaicle  ;  al.  allantais ;  e.  ambiyo  ;  r,  space  between  chorion  and 
amuioD  oontnining  aibnminoiia  fluid;  vl.  ventnil  body  wall;  kh.  pericardial  cavity, 

of  the  sinus  terniinftlia,  and  the  posterior  and  smaller  bi-auch  iB  continued 
towards  the  hied  part  of  the  sinus,  near  which  it  euda.  On  its  way  it 
receives,  on  its  outer  side,  numeroua  branches  from  the  venous  network 
which  connect  by  their  anastomoses  the  posterior  branch  of  the  vitelline 
vein  and  the  sinus  terminalis. 

While  the  above  chaDges  have  been  taking  place  the  whole  blasto- 
dermic vesicle,  still  encloaed  in  the  zona,  has  become  attached 
to  the  walls  of  the  uterua.  In  the  case  of  the  typical  uterus  with 
two  tubular  horns,  the  position  of  each  embryo,  when  there  are 
several,  is  marked  by  a  swelling  in  the  walls  of  the  uterus,  prepa- 
ratory to  the  changes  which  take  place  on  the  formation  of  the 
placenta.  Id  the  region  of  each  awelling  the  zona  around  the  blasto- 
dermic vesicle  is  closely  embraced,  in  a  ring-like  fashion,  by  the 
epithelium  of  the  uterine  wall.  The  whole  vesicle  assumes  an  oval 
form,  and  it  lies  in  the  uterus  with  its  two  ends  free.  The  embryonic 
area  is  placed  close  to  the  mesometric  attachment  of  the  uterus.  In 
many  cases  peculiar  processes  or  villi  grow  out  from  the  ovum  (fig. 
1*7.  4,  sz),  which  fit  into  the  folds  of  the  uterine  epithelium.  The 
nature  of  these  processes  requires  further  elucidation,  but  in  some 
instances  they  appear  to  proceed  from  the  zona  (the  Rabbit)  and  in 
other  instances  from  the  subzonal  membrane  (the  Dog).  In  any 
case  the  attachment  between  the  blastodermic  vesicle  and  the  uterine 
wall  becomes  so  close  at  the  time  when  the  body  of  the  embryo  is 
first  formed  out  of  the  embryonic  area,  that  it  is  hardly  possible  to 
separate  them  without  laceration ;  and  at  this  period — from  the  8th 
to  the  9th  day  in  the  Rabbit — it  requires  the  greatest  care  to  remove 
the  ovum  from  the  uterus  without  injury.  It  will  be  understood  of 
course  that  the  attachment  above  described  is  at  first  purely  super- 
ficial and  not  vascular. 

Shortly  after  the  establishment  of  the  circulation  of  the  yolk-sack 
the  folds  of  the  amnion  meet  and  coalesce  above  the  embryo  (fig.  147 
3  and  4,  am).  After  this  the  inner  or  true  amnion  becomes  severed 
from  the  outer  or  false  amnion,  though  the  two  sometimes  remain 
connected  by  a  narrow  stalk.  Between  the  true  and  false  amnion  is  a 
continuation  of  the  body-cavity.  The  true  amnion  consists  of  a  layer 
of  epiblastic  epithelium  and  generally  also  of  somatic  mesoblast 
while  the  false  amnion  consists,  as  a  rule,  of  epiblast  only ;  though  it 
is  possible  that  in  some  cases  (the  Rabbit  ?)  the  mesoblast  may  be 
continued  along  its  inner  face. 

Before  the  two  limbs  of  the  amnion  are  completely  severed,  the 
epiblast  of  the  umbilical  vesicle  becomes  separated  from  the  meso- 
blast and  hypoblast  of  the  vesicle  (fig.  147,  3),  and,  together  with  the 
false  amnion  (ah),  with  which  it  is  continuous,  forms  a  complete  lining 
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for  the  inner  face  of  the  zona  radiata.  The  apace  between  this  ftiem- 
braae  and  the  umbilical  vesicle  with  the  attaAed  embryo  is  obviously 
coDtinuoiis  with  the  body  cavity  {vide  figs.  147,  4  and  147*).  'io 
this  membrane  Turner  has  given  the  appropriate  name  of  subzonal 
membrane :  by  Von  Baer  it  was  called  the  serous  envelope.  It  soon 
fuses  with  the  zona  radiata,  or  at  any  rat«  the  zona  ceases^^i^e  dis- 
tinguishable. 


PlO.    117*.       DUOHAM    or   THK    TfETAL   UEUBBAHKB    OP    k   HlMMAL.       {FrODl  TllTner.] 

Structures  which  either  Kre  or  have  been  at  &n  earlier  period  of  dsTelopment 
oontinnooB  with  evh  other  &re  represented  b;  the  same  chnrsoter  of  shading. 

jif.  zona  Tith  villi;  ii.  Bubzonol  membrane;  E.  epiblast  of  embryo;  lUii.  amnion; 
AC.  amniotio  cavitf;  JIT.  meeobUBt  of  embryo;  H.  hjpo\Aaa\  of  embryo;  VV. 
umbilical  veaicle;  al.  aliantois;  ALC.  allantoic  cavity. 

While  the  above  changes  are  taking  place  in  the  amnion,  the 
aliantois  grows  out  from  the  hind-gut  as  a  vesicle  lined  by  hypoblast, 
but  covered  extemallj-  by  a  layer  of  splanchnic  mesoblast  (fig.  147,  3 
and  4,  aiy.  The  aliantois  soon  becomes  a  flat  sack,  projecting  into  the 
now  largely  developed  space  between  the  siibzonal  membrane  and  the 
amnion,  on  the  dorsal  side  of  the  embryo  (fig.  147*,  ALC).  In  some 
cases  it  extends  so  as  to  cover  the  whole  inner  surface  of  the  subzooal 
membrane;  in  other  cases  E^ain  its  extension  is  much  more  limited. 
Its  lumen  may  be  retained  or  may  become  nearly  or  wholly  aborted. 
A  fusion  takes  place  between  the  subzonal  membrane  and  the  adjoin- 
ing niesoblastic  wall  of  the  aliantois,  and  the  two  t<^ther  give  rise 
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to  a  secondary  inembmDe  round  the  ovum,  known  as  tim  chorion. 
Since  however  the  allantois  does  not  always  come  in  contact  with 
the  whole  inner  surface  of  the  siibzonal  membrane,  the  term  chorion 
is  apt  to  be  somewbat  vague ;  and  in  the  rabbit,  fur  instance,  a  con- 
siderable part  of  the  so-called  chorion  is  formed  by  a  fusion  of  the 
wall  of  the  yolk-sack  with  the  subzonal  membrane  (fig.  14>8).  The 
placental  r^on  of  the  chorion  may  in  such  ca^es  be  distinguished  as 
the  true  chorion,  from  the  remaining, part  which  will  be  called  the 
false  chorion. 

The  mesobla.st  of  the  allantois,  especially  that  part  of  it  which 
assists  in  forming  the  chorion,  becomes  highly  vascular;  the  blood 
l>eing  brought  to  it  by  two  allantoic  arteries  continued  from  the 
terminal  bifurcation  of  the  dorsal  aorta,  and  returned  to  the  body  by 
one,  or  rarely  two,  allantoic  veins,  which  join  the  viteliine  veins  from 
the  yolk-sack.  From  the  outer  surface  of  the  true  chorion  (fig.  147, 
5,  d.  148)  villi  grow  out  and  fit  into  crypts  or  depressions  which  have 
in  the  meantime  made  their  appearance  in  the  walls  of  the  uterus'. 
The  villi  of  the  chorion  are  covered  by  an  epithelium  derived  from  the 
subzonal  membrane,  and  are  provided  with  a  connective  tissue  core 
containing  an  artery  and  vein  and  a  capillary  plexus  connecting  them. 
In  most  cases  they  assume  a  more  or  less  arborescent  form,  and  have 
a  distribution  on  the  surface  of  the  chorion  varying  characteristically 
in  different  species.  The  walla  of  the  crypts  into  which  the  villi  are 
fitted  also  become  highly  vascular,  and  a  nutritive  fluid  passes  from 
the  maternal  vessels  of  the  placenta  to  the  fietal  vessels  by  a  process 
of  diffusion ;  while  there  is  probably  also  a  secretion  by  the  epithelial 
lining  of  the  walls  of  the  crypts,  which  becomes  absorbed  by  the 
vessels  of  the  fcetal  villi.  The  above  maternal  and  fcetal  structures 
constitute  together  the  organ  known  as  the  placenta.  The  maternal 
portion  consists  essentially  of  the  vascular  crypts  in  the  uterine  walls, 
and  the  fcetal  portion  of  more  or  less  arborescent  villi  of  the  tnie 
chorion  fitting  into  these  crypts, 

While  the  placenta  is  being  developed,  the  folding-off  of  the 
embryo  from  the  yolk-sack  becomes  more  complete ;  and  the  yolk- 
sack.  remains  connected  with  the  ileal  region  of  the  intestine  by  a 
narrow  stalk,  the  vitelline  duct  (fig.  147,  4  and  5  and  fig.  147*), 
consisting  of  the  same  tissues  as  the  yolk-sack,  viz.  hypoblast  and 
splanchnic  mesoblast.  While  the  true  splanchnic  stalk  of  the  yolk- 
sack  is  becoming  narrow,  a  somatic  stalk  connecting  the  amnion  with 
the  walls  of  the  embryo  is  also  formed,  and  closely  envelops  the  stalk 
both  of  the  allantois  and  the  yolk-sack.  The  somatic  stalk  together 
with  its  contents  is  known  as  the  umbilical  cord.  The  mesoblast 
of  the  somatopleuric  layer  of  the  conl  develops  into  a  kind  of  gela- 
tinous tissue,  which  cements  together  the  whole  of  the  contents.    The 

'  These  ciypts  hftve  no  cuiinection  with  the  opflnin((8  ot  Kitndt  in  the  w»ll»  of  the 
iiternH.  They  tra  believei)  b;  Ercolani  to  be  formed  to  a  Urge  eitent  by  a  regen«. 
ration  of  the  liuiag  tianue  ot  the  uterine  wrIIh. 
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ttllaDtoic  arteries  in  the  cord  wind  in  a  spiral  manner  round  the 
allantoic  vein.  The  yolk-sack  in  many  cases  atrophies  completely 
before  the  close  of  intra-uterine  life,  but  in  other  casea  it  is  only 
removed  with  the  other  embryonic  membranes  at  birth.  The  intra- 
embryonic  portion  of  the  allantoic  stalk  gives  rise  to  two  structures, 
viz.  to  (1)  the  urinary  bladder  formed  by  a  dilatation  of  its  proximal 
extremity,  ami  to  (2)  a  cord  known  as  the  urachus  connecting  the 
bladder  with  the  wail  of  the  body  at  the  umbilicus.  The  urachus, 
in  cases  where  the  cavity  of  the  allantois  persists  till  birth,  remains  as 
an  open  passt^e  connecting  the  intra-  and  extra-embryonic  parts  of 
the  allantois.  In  other  cases  it  gradually  closes,  and  becomes  nearly 
solid  before  birth,  though  a  delicate  but  interrupted  lumen  would 
appear  to  persist  in  it  It  eventually  gives  rise  to  the  ligamentum 
vesicle  medium. 

At  birth  the  fcetal  membranes,  including  the  fcetal  portion  of  the 
placenta,  are  shed ;  but  in  mauy  forms  the  interlocking  of  the  festal 
villi  with  the  uterine  crypts  is  so  close  that  the  uterine  mucous  mem- 
braue  is  carried  away  with  the  fcetal  part  of  the  placenta.  It  thus 
comes  about  that  in  some  placentte  the  maternal  and  fcetal  parts 
simply  separate  from  each  other  at  birth,  and  in  others  the  two 
remain  intimately  locked  together,  and  both  are  shed  together  as 
the  after-birth.  These  two  forms  of  placenta  are  distinguished  as 
non-deciduate  and  deciduate,  but  it  has  been  shewn  by  Ercolani  and 
Turner  that  no  sharp  line  can  be  drawn  between  the  two  types  ; 
moreover,  a  larger  part  of  the  uterine  mucous  membrane  than  that 
forming  the  maternal  part  of  the  placenta  is  often  sited  in  the 
deciduate  Mammalia,  and  in  the  non-deciduate  Mammalia  it  is  pro- 
bable that  the  mucous  membrane  (not  including  vascular  parts)  of 
the  maternal  placenta  either  peels  or  is  absorbed. 

Comparative  history  of  the  Mammalian  fcgtal  membranes. 

Two  groups  of  Mammalia — the  Monotremata  and  the  Marsupialia 
— are  believed  not  to  be  provided  with  a  true  placenta- 

The  nature  of  the  fcetal  membranes  in  the  Monotremata  is  not 
known.  Ova,  presumably  in  an  early  stage  of  development,  have 
been  found  free  in  the  uterus  of  Ornithorhyncus  by  Owen.  The 
lining  membrane  of  tiie  uterus  was  thickened  and  highly  vascular. 
The  females  in  which  these  were  found  were  killed  early  in  October'. 

Haranpialia.  Our  knowledge  of  the  foetal  membranes  of  the 
Marsupialia  is  almost  entirely  'due  to  Owen.  In  Macropus  major  he 
found  that  birth  took  place  thirty-eight  days  after  impregnation.    A 

'  The  tulloiriiig  is  Owes'i  account  of  the  joung  after  birth  (6'unip.  Awit.  of 
VtrttbTata,  Vol.  iii.  p.  717):  "On  the  eighth  of  December  Dr  BsDnel  diBooveled  in 
"the  subterrsuean  nest  of  Ornithorhyncaa  three  living  jonng.  caked,  not  quite  two 
"inches  in  length."  On  the  12tb  of  AogaEt,  18C1,  "a  female  Eoliidua  hyatrii  wai 
"captured  ....  having  a  young  one  with  it^  head  buried  in  a  manimary  or  maraupial 
"  fossa.  Thin  voung  one  was  naked,  of  a  bright  red  colonr,  and  one  inch  two  linea  in 
■'leiigth." 
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fcetus  at  tha  twentieth  day  of  gestation  measured  eight  lines  from 
the  mouth  to  the  root  of  the  tail.  The  foetus  was  enveloped  in  a 
large  aubzonal  merabniDe,  with  folds  fitting  into  uterine  furrows,  but 
not  adhei'ing  to  the  vierus,  and  without  villi.  Tiie  embryo  was  en- 
veloped in  an  amnion  reflected  over  the  stalk  of  the  yolk-sack,  which 
was  attached  by  a  filamentary  pedicle  to  near  the  end  of  the  ileum. 
The  yolk-sack  was  large  and  vascular,  and  was  connected  with  the  foetal 
vascular  system  by  a  vitelline  artery  aod  two  veins.  The  yolk-sack 
was  partially  adherent,  especially  at  one  part,  to  the  aubzonal  mem- 
brane. No  allantois  was  observed.  In  a  somewhat  older  foetus  of  ten 
lines  in  length  there  was  a  small  allantois  supplied  by  two  allantoic 
arteries  and  one  vein.  The  allantois  was  quite  free  and  not  attached 
to  the  subzonal  membrane.  The  yolk-sack  was  more  closely  attached 
to  the  subzonal  membrane  than  in  the  younger  embryo'. 

All  Mammalia,  other  than  the  Monotremata  and  Marsupialla, 
have  a  true  allantoic  placenta.  The  placenta  presents  a  great  variety 
of  forms,  and  it  will  perhaps  be  most  convenient  first  to  treat  these 
varieties  in  succession,  and  then  to  give  a  general  exposition  of  their 
mutual  affinities'. 

A.tnongat  ^e  existing  Mammals  provided  with  a  true  placenta,  the 
most  primitive  type  is  probably  retted  by  thotie  forms  in  which  the 
placental  part  of  the  chorion  is  confined  to  a  comparatively  restricted  area 
on  tli@  dorsal  side  of  the  embtyo;  while  the  false  chorion  is  formed  by  the 
vHBcular  yolk  sack  fueiag  with  the  reinainder  of  the  subzonal  membrane. 
In  alt  the  existing  forms  with  this  arrangement  of  fcetal  membranes,  the 
placenta  is  deciduate.  This,  however,  wa^  probably  not  the  cose  in  more 
primitive  forms  from  which  these  are  descended*.  The  placenta  would 
apj)ear  from  Ercolani's  description  to  be  simpler  in  tlie  mole  (Talpa)  than 
in  other  speaiea.  The  Insectirora,  Cheiroptera,  and  Rodentia  are  the 
groups  with  this  type  of  placenta ;  and  sioce  the  rabbit,  amongst  the  latter, 
has  been  more  fully  worked  out  than  other  species,  we  may  take  it  first. 

The  Babbit.  In  the  pregnant  female  Babbit  several  ova  are  generally 
found  in  each  horn  of  the  uterus.  The  general  condition  of  the  egg-mem- 
braaes  at  the  time  of  their  full  development  is  shewn  in  fig.  148. 

The  embryo  is  surrounded  by  the  amnion,  which  is  comparatively  small. 
The  yotk-SHck  (ds)  19  large  and  attached  to  the  embryo  by  a  long  stalk. 
It  has  the  form  qf  a  flattened  sack  closely  applied  to  about  two-thirds  of  the 
surface  of  the  subzonal  membrane.     The  outer  wall  of  this  sack,  adjoining 

'  Owen  qaotea  in  the  Anatumy  of  VerttbraUi,  Vol.  in.  p,  721,  a  description  from 
Beogger  of  llie  development  of  DidelpMB  azare,  vhioh  would  seem  to  imply  that  a 
vssoular  odbeBion  arieeB  between  the  uterine  walls  and  the  snbzonal  membrane,  bnt 
the  description  is  too  vague  to  be  of  any  value  in  determining  the  natm«  of  the 
fstal  inembianes. 

■  Nnmeroua  contribntiona  to  onr  knowledge  of  the  Tarioaa  tjpea  of  placenta  have 
been  made  during  the  last  (en  years,  amongst  which  those  of  Tomer  and  Srcolani 
may  bo  tangled  out,  both  from  the  variety  of  fonns  with  which  thej  deal,  and  the 
important  light  they  have  thrown  on  the  stracture  of  the  placenta. 

•  Vide  Ercolani,  No.  197,  and  Harting,  So.  101,  and  also  Von  Baor,  Entaiek- 
laiigiigtichichlf  table  on  p.  225,  part  i.,  where  the  importance  of  the  limited  area  of 
attachment  of  the  allantois  as  compared  with  the  yolk-eack  is  distinctly  recogiuBed. 
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the  Bubfonal  membrane,  is  formed  of  hypoblast  only ;  but  the  inner  wall  is 
covered  by  the  mesobbiBt  of 
tbe  area  vasculoea,  as  indicated 
by  the  thick  black  line  (/d). 
The  vascular  area  is  bordered 
by  the  iiinuB  tenninalis  (it). 
In  an  earlier  stage  of  develop- 
ment the  yolk -Back  had  not  the 
compr«Baed  form  represented 
in  the  figure.  It  is,  however, 
remarkable  that  the  vascular 
area  never  extends  over  the 
whole  yolk-aack ;  but  the  inner 
vascular  wall  of  the  yolk-sack 
funes  with  the  outer,  and  with 
the  Bubzonal  membrane,  and 
so  forms  a  false  chorion,  which 
receives  its  blood  supply  from 
the  yolk-sack.  This  part  of 
the  chorion  does  not  develop 
vascular  villL 

The  allantois  (al)  is  a  sim- 
ple vascular  sack  with  a  large 
cavity.  Part  of  ita  wall  is 
applied  to  the  subional  mem- 
brane, and  gives  rise  to  the 
true  Morion,  from  which  there 
project  numerous  vascular 
villi.  These  fit  into  corre- 
"*  sponding  uterine  crypts.  It 
seems  pr  -bable,  from  Bischofi's 
and  Kblliker's  observations,  that  the  subzonal  membrane  in  the  area  of 
the  placenta  becomes  attached  to  the  uterine  wall,  by  means  of  villi,  even 
before  its  fusion  with  the  allantuis.  In  the  later  periods  of  gestation 
the  intermingling  of  the  maternal  and  ftetal  parts  of  the  placenta  becomes 
very  close,  and  the  placenta  is  truly  deciduate.  The  cavity  of  the  allantois 
persists  till  birth.  Between  the  yolk-sack,  the  allantois,  and  the  embryo, 
there  is  left  a  large  cavity  filled  with  an  albuminous  fluid. 

The  Hare  does  not  materially  differ  in  the  arrangement  of  its  festal 
membranes  from  the  Rabbit. 

In  the  fiat  (Mus  decumanus)  (fig.  149)  the  sack  of  the  allantois  com- 
pletely atrophies  before  the  close  of  fcetal  life',  and  there  is  developed,  at 
the  junction  of  the  maternal  part  of  the  placenta  and  the  unaltered  mucous 
membrane  of  tbe  uterus,  a  fold  of  the  mucous  membrane  which  completely 
encapsules  the  whole  chorion,  and  forms  a  neparate  chamber  for  it,  distinct 
from  the  general  lumen  of  the  uterus.  Folds  of  this  nature,  which  are 
specially  developed  in  Man  and  Apes,  are  known  as  a  deoidua  reflex^. 
The  decidua  reflcxa  of  the  Bat  is  reduced  to  extreme  tenuity,  or  even 
vanishes  before  the  close  of  gestation. 

■  Tfaii  is  dpuied  hy  XaiBe;  ridt  Kniliker,  No.  iSj.  p.  361. 


Fm.  148.  DiiOBiHHtTic 
TioK  or  K  Babbit's  ovmi  at  ai 
raaoMiHCY.     (From  Eiilliker  after  Bischoff.) 

(.  embryo;  a.  omnioc  ;  a.  utbcIidb:  at.  allBn- 
toii  with  blood-vesselB ;  ih.  aab-zoDal  membrane; 
pi,  placental  villi ;  fd.  vascular  layer  of  jotk-sack ; 
ed.  hypoblaatio  layer  of  yolk-sack ;  ed'.  inner  por- 
tion of  hypoblast,  and  ed",  outer  portion  of  hjpo- 
blast  lining  tbe  oompressed  cavity  of  tbe  yolk- 
Bsok  1  cb.  cavity  of  yolk-eock ;  if.  sinDB  terruinatin ; 
r.  apace  filled  witb  fluid  between  tbe  amnion,  the 
allantoiB  and  the  yolk-sack. 
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Fia.  149.   Section 

FARTS    OF    A    IUt    one 

Hnxley.) 
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vein ;  b,  uterine  vail ;  e.  CAvcmona  portion  of 
uterine  wall ;  d.  deciduous  portion  of  nteruB  with  cavernous 
struature  ;  i.  large  vein  pasging  to  the  fietal  portion  ot  the 
placenta ;  /.  false  chorion  supplied  bjr  vitelline  vessels ; 
k,  vitelline  veseel ;  i,  allantoie  vessel :  g.  boundarv  of  trae 
placenta ;  e,  m,  m.  t.  line  of  junction  of  the  deoidaata 
-decidnate  parts  of  the  uterine  wall. 


Goineft-pi^.     The  development  of  the  Ouinea'pig  is  dealt  with  else- 
where, but,  ao  far  as 

its   peculutrities    per-  ^ 

mit  6.  comparison  with 
the  Ralibit,  the  agree- 
ment between  the  two  , 
types  appears  to   be                                                                                         ' 
fairly  close. 

The  blaatodermio 
vesicle  of  the  Quinea- 
pig  becomes  complete- 
ly enveloped  in  a 
capsule  of  the  uterine 
wall  (decidua  reflexa) 
(fig.  150).  ITie  epi- 
thelium of  the  blasto- 
dermic vesicle  in  con- 
tact with  the  uterine 
wall  is  not  epiblastic, 
but  corresponds  with 
the  hypoblast  of  t)ie 
yolk-sack  of  other 
forms,  and  the  meso- 
lilaat  of  the  greater 
part  of  the  inner  side  *°^ 
of  this  becomes  richly 
vascular  (yi);  the  vascular  area  being  bounded  by  a  sintis  tenninaljs. 

The  blastodermic  vesicle  is  so  situated  within  its  uterine  ciipsule  that  the 
embryo  is  attached  to  the  part  of 
it  adjoining  the  free  side  of  the 
u'erus.  From  the  opposite  side 
of  the  utenis,  viz,  that  to  which 
the  mesometrium  is  attached, 
there  grow  into  the  wall  of  the 
blastodermic  vesicle  numerous 
vascular  processes  of  the  uterine 
wall,  which  establish  at  this 
point  an  organic  connection,  be- 
tween the  two  (pi).  The  blood- 
vessels of  the  blastodermic  ves- 
icle fyolk-sack)  stop  phort  im- 
mediately around  the  area  of 
attachment  to  the  uterus ;  but 
at  a  tate  period  the  allantois 
grows  towards,  and  fuses  with 
this  area.  The  blood-vessels  of 
the  allantois  and  of  the  ut«rus 
become  intertwined,  and  a  disc- 
like plHcenta  more  or  less  simi- 
lar to  that  in  the  Babbit  be- 
comes formed  {pi).  The  cavity 
of  the  allantois,  if  developed,  van 


(After  Biachoff.) 

yk.  jolk-BBck  [umbilical  vesicle)  formed  of 
an  external  bypoblastic  layer  (ahaded)  and  an 
internal  mesoblsstic  vascular  layer  (black).  At 
the  end  ot  this  layer  is  placed  tlie  unns  termi- 
nalia ;  ail.  alluitois  ;  pi.  placenta. 

The  eilemal  shaded  parts  are  the  uterine 


inpletcly. 
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la  all  the  Rodentia  the  placenta  appears  to  be  utnated  on  tlie  meita- 
nietric  side  of  the  aterus. 

Insectivora.  In  the  Mole  (Talpa)  and  the  Shrew  (Sorez),  the  fcet&I 
membranes  are  in  the  main  similar  to  those  in  the  rabbit,  and  a  deciduate 
diecoidal  placenta  is  always  present.  It  maj  be  situated  anywhere  in  the 
circumference  of  the  uterine  tube.  The  all&ntoic  cavity  persists  (Owen),  but 
the  allantois  only  covers  the  placental  area  of  the  chorion.  The  yolk-aack  is 
persistent,  and  fuses  with  the  non-allantuic  part  of  the  subzonal  membrane; 
which  is  rendered  vascular  by  its  blood-vessela.  There  would  seem  to  be 
(Owen)  a  small  decidua  reflexa.  A.  similar  arrangement  ia  fouud  in  the 
Hedgehog  (Etinaceua  Europteus)  (Rolleaton),  in  which  the  placenta  occupies 
the  typical  dorsal  poeitiou.  It  m  not  clear  from  Bolleston's  description 
whether  the  yolk-sack  pereists  till  the  close  of  foetal  life,  but  it  seems 
probable  that  it  does  so.  There  is  a  considerable  reflexa  which  does  not, 
however,  cover  the  whole  chorion.  In  the  Tenrec  (Gentetes)  the  yolk-sack 
and  non-placeutal  part  of  the  chorion  are  described  by  Rolleston  as  being 
absent,  but  it  seems  not  impossible  that  this  may  have  been  owing  to  the 
bad  state  of  preservation  of  the  specimen.  The  amnion  is  large.  In  the 
Cheiroptera  {Veepertilio  and  Pleropus),  the  yolk-sack  is  large,  and  coalesces 
with  part  of  the  chorion.  The  large  yolk  sack  has.  been  observed  In  Pte- 
ropus  by  Rolleston,  and  in  Yespertilio  by  Owen.  The  allantoic  vessels 
supply  the  placenta  only.     The  Cheiroptera  are  usually  uniparous. 

SimiadSB  and  Antlmjpidee.  The  f^tai  membraues  of  Apes  aud  Man, 
though  in  their  origin  unlike  those  of  tbe  Bodentia  and  Insectivora,  are 
in  their  ultimate  form  similar  to  them,  and  may  be  conveniently  dealt 
with  here.  The  early  stages  in  the  development  of  these  membranes  in 
the  human  embryo  have  not  been  satis fuctority  observed ;  but  it  ia  known 
that  the  ovum,  shortly  after  its  entrance  into  the  uterus,  becomes  attached 
to  the  uterine  wall,  which  in  the  meantime  baa  undergone  oonbiderable 
preparatory  changes.  A  fold  of  tbe  uterine  wall  appears  to  grow  round 
the  blastodermic  vesicle,  and  to  form  a  complete  capsule  for  it,  but  tbe 
exact  mode  of  formation  of  this  capsule  is  a  matter  of  inference  and  not  of 
observation.  During  the  first  fortnight  of  pregnancy  villi  grow  out,  ao- 
cording  to  Allen  Thomson  over  its  whole  surface,  but  according  to  Reichert 
in  a  ring-like  fashion  round  the  edge  of  tbe  somewhat  flattened  ovum,  and 
attach  it  to  the  uterus.  The  further  history  of  tbe  early  stages  is  ex- 
tremely obscure,  and  to  a  large  extent  a  matter  of  speculation  ;  what  is 
known  with  rt-ference  te  it  will  be  found  in  a  special  section,  but  I  shall 
here  take  up  the  history  at  about  the  fourth  week. 

At  this  stage  a  complete  chorion  Las  become  formed,  and  is  probably  de- 
rived from  a  growth  of  the  mesoblaat  of  tbe  allantois  (unaccompanied  by  the 
hypoblast)  round  the  whole  inner  surface  of  the  subzonal  membrana  From 
the  whole  surface  of  the  chorion  there  project  branched  vascular  processes, 
covered  by  an  epithelium.  The  allantois  is  without  a  cavity,  but  a  hypo- 
blastic  epithelium  is  present  in  the  allantoic  stalk,  through  which  it  does 
not,  however,  form  a  continuous  tube.  The  blood-vessels  of  tbe  chorion 
are  derived  from  the  usual  allantoic  arteries  and  vein.  The  general  con- 
dition of  the  embryo  and  of  its  membranes  at  this  period  is  shewn  diagnun- 
matically  in  fig.  147,  5.  Around  the  embryo  is  seen  the  amnion,  already 
separated  by  a  considerable  interval  from  the  embrya  The  yolk-eack  is 
shewn  at  dg.     Relatively  to  the  other  pai'ts  it  is  considerably  smaller  than 
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it  was  at  an  earlier  stage.  The  allantoic  stalk  is  shewn  at  ai.  Both  it 
and  the  stalk  of  the  yolk-ssck  are  enveloped  by  the  amnion  (am).  The 
chorion  with  its  vaacnlar  prooeeses  surrounda  the  whole  embryo. 

It  may  be  noted  that  the  condition  of  the  chorion  at  this  stage  is  very 
similar  to  that  of  the  normal  diffused  t}'pe  of  placenta,  described  in  the 

While  the  above  changes  are  taking  place  in  the  embryonic  membranes, 
the  bittstodermic  vesicle  greatly  increases  in  size,  and  forms  a  considerable 
projection  from  the  upper  wtdl  of  the  uterus.  Three  r^ons  of  the  uterine 
wall,  in  relation  to  the  blastodermio  vesicle,  are  usually  distinguished ; 
and  since  the  superficial  pai-ts  of  all  of  these  are  thrown  off  with  the  after- 
birth, each  of  them  is  called  a  decidua.  They  are  represented  at  a  some- 
what later  stage  in  fig.  151.  There  is  (1)  the  part  of  the  wall  reSected 
over  the  blastodermic 

vesicle,  called  the  de-  „_ -^-^t. 

oidua  reflexa  (dr); 

(2)  the  p&Ti.    of   the 

wall  forming  the  area 

round    which   the  ro- 

flexa  is  inserted,  called 

the     decidua    aero- 

tina  (rfg);      (3)  the  y 

general    wall   of   the  /-' 

uterus,  not  related  to 

the  embryo,  c^led  the 

decidua  vera  (</«). 

The  decidua  reflexa 
and  serotina  together 
envelop  the  chorion, 
the  processes  of  which 
lit  iuto  crypts  in  them. 
At  this  period  both  of 
them  are  highly  and 
Dearly  uniformly  vas- 
cular. The  general 
cavity  of  the  uterus  is 
to  a  large  extent  ob- 
literated by  the  ovum, 
but  still  persists  as  a 
space  filled  with  mu- 
cus, between  the  decidua  refleza  and  the  deciilua  vera. 

The  changes  which  ensue  from  this  period  onwards  are  fully  known. 
The  amnion  continues  to  dilate  (its  cavity  being  tensely  filled  with  amniotic 
fluid)  till  it  comes  very  close  to  the  chorion  (fig,  151,  a/rti) ;  irom  which, 
however,  it  remains  separated  by  a  layer  of  gelatinous  tiKsue.  The  villi  of 
the  chorion  in  the  region  covered  by  the  decidua  reflexa,  gradually  cease 
to  be  vascular,  and  partially  atrophy,  but  in  the  region  in  contact  with  the 
decidua  serotiaa  incresse  and  become  more  vascular  and  more  arborescent 
(tig.  151,  z).  The  former  region  becomes  known  as  the  chorion  leave, 
and  the  latter  at)  the  chorion  frondosum.  T/i^  c/iorion  /roKdomim, 
Utgrther  uiil/i  the  •Uciduii  gerotiiia,  gh'oi  Hue  to  llit  placenta. 


FlO.   161.       DUOKAUMATIC    HECTIOJi 

DTEBD9    wriH   coNTAiNBD   F(RTDB.      (Fpom    Huilcy    after 
Lon^et.) 

al.  allantoic  stalk;  nb.  nmbilioal  vesicle;  am.  amnion', 
ch.  chorion;  iti.  decidna  serotina;  dti.  decidua  vera;  dr. 
decidua  reflexa ;  L  Fallopian  tabe ;  c.  cervU  uteri ;  h.  nteras ; 
I.  foetal  villi  ol  true  placenta;  z'.  villi  of  aon-placeutal 
part  of  cboriott. 
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Altliongh  the  Taaoular  supply  is  cut  off  from  the  chorion  liewe,  the 
processes  on  its  surface  do  not  completely  at>ort.  lb  becomes,  as  the  time 
of  birth  approachpfl,  more  and  more  closely  unil'«d  with  the  reflexa,  till  the 
union  between  the  two  ia  bo  close  that  their  exact  bouDdaries  cannot  be  ■ 
made  ouL  The  umbilical  vesicle  (fig.  151,  nb),  although  it  becomes  greatly 
reduced  in  size  and  flattened,  persists  in  a  rect^isuble  fopm  till  the  time  of 
birth. 

As  the  embryo  enliu^es,  the  space  between  the  decidua  vera  and 
decidua  reflexa  becomes  reduced,  and  finally  the  two  parts  unite  togetiier. 
The  decidua  vera  ia  mainly  characterised  by  the  presence  of  peculiar 
roundish  cells  in  its  subepithelinl  tissue,  and  by  the  disappearance  of  a 
distinct  liniDg  of  epithelial  cells.  During  the  whole  of  pregnancy  it 
remains  highly  vascular.  The  decidua  reflexa,  on  the  disappearance  of  the 
Vfssela  in  the  chorion  Ireve,  becomes  non- vascular.  Its  tissue  nndergoes 
chnnges  in  the  main  siuiilar  u)  those  of  the  decidua  vera,  and  as  has  been 
already  mentioned,  it  fuses  on  the  one  hand  with  the  chorion,  and  on  the 
other  with  the  decidua  vera.  The  membrane  resulting  from  its  fusion 
with  the  latter  structure  tiecomea  thinner  and  thinner  as  pregnancy  ad- 
vances, and  is  reduced  to  a  thin  layer  at  the  time  of  birth. 

The  placenta  has  a  somewhat  discoidal  form,  with  a  slightly  convex 
uterine  surface  and  a  concave  embryonic  surface.  At  its  edge  it  is  con- 
tinuous both  with  Ibe  decidua  reflexa  and  decidua  vei-a.  Near  the  centre 
of  the  embryonic  surface  is  implanted  the  umbilical  cord.  As  has  already 
been  mentioned,  the  placenta  is  formed  of  the  decidua  serotina  and  the 
fcetal  villi  of  the  chorion  frundosium.  The  foetal  and  maternal  tissues  are 
far  more  closely  united  (fig.  1S2)  than  in  the  forms  described  above,  The 
villi  of  the  chorion,  which  were  originally  comparatively  simple,  become 
more  and  more  complicated,  and  assume  an  extremely  arborescent  form. 
Each  of  them  contains  a  vein  and  an  artery,  which  subdivide  to  enter  the 
complicated  ramifications;  and  are  connected  together  by  a  rich  anastomosis. 
The  villi  are  formeil  mainly  of  connective  tissue,  but  are  covered  by  an  epi- 
thelial layer  generally  believed  to  he  derived  from  the  subzonal  membrane; 
but,  as  was  first  stated  by  Goodsir,  and  has  since  been  more  fully  shewn 
by  Ercolani  and  Turner,  this  epithelial  l.iyer  is  really  a  part  of  the  cellular 
decidua  serotina  of  the  uterine  wall,  which  has  become  adherent  to  the  villi 
in  the  development  of  the  jilacenta  (fig.  161,  g).  The  placenta  is  divided 
into  B  number  of  lobcn.  usually  called  cotyledons,  by  septa  which  pass 
towards  the  choriim.  These  septa,  which  belong  to  the  serotina,  lie  be- 
tween the  arborescent  villi  of  the  chorion.  The  cotyledons  themselves 
consist  of  a  network  of  tissue  permeated  by  large  vascular  spaces,  formed 
by  the  dilatation  of  the  maternal  blood-vessels  of  the  serotina,  into  which 
the  ramilicationB  of  the  fcetal  villi  project.  In  these  spaces  they  partly 
float  freely,  and  ])art1y  are  attached  to  delicate  tra,bacalffi  of  the  maternal 
tissue  (fig.  161,  G).  They  are,  of  course,  separated  from  the  maternal  blood 
by  the  uterine  epithelial  layer  before  mentioned.  The  blood  is  brought  to 
the  maternal  part  of  the  placenta  by  spira,lly  coiled  arteries,  which  do  not 
divide  into  capillaries,  but  open  into  the  large  blood-spacee  already  spoken 
of.  Fn)ra  these  spaces  there  pass  off  oblique  utero- placental  veins,  which 
jiieroe  the  serotina,  and  form  a  system  of  large  venous  sinuses  in  the 
adjoining  uterine  wall  (fig.'v152,  F),  and  eventually  fall  into  the  general 
uterine  venous  system.     At  birth  the  whole  placenta,  together  with  the 
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B  conliauoiia,  is  iihed ;  and 

ruptured    are    closed  a 

by  the  coatraction  of  ,  ^\ 

the  uterine  wall. 

The    fuetal    mem-       I 
branee   and    the   pla- 
centa  of  the  Simiadee 
(Turner,  No.  iss)  .re 
in  moat,  respects  close-        < 
I7  Bimilar  to  those  in 
Man ;    but    the    pla- 
centa is,  in  moBt  cases,       ^ 
divided  into  two  lobex, 
though  in  the  Cbim-       ^ 
panzee,  CynocephaluB, 
and  the  Apes  of  the 
Ne  w  World,  it  appears 
to  be  single. 

The  types  of  de- 
ciduat«    placenta    so 
far  deBoribed,  are  uau-        < 
ally  classified  by  ana- 
tomists as  discoidal 
placentffi,  although  it 
must     be     borne    in 
mind  that  they  differ 
very  widely.     In  the 
Rodentia,        Insecti- 
Tora,  and  Cheiroptera 
there  ia  a  (usually)  dorsal  placenta,  which  is  co-extensive  with  the  area  of 
contact  between  the  allantois  and  the  eubzoual  membrane,  while  the  yolk- 
B<ick  adherer  to   a  large  part  of  the  subzonal  membrane.     In  Apes  and 
Mad  tb^allantois  spreads  over  the  whole  inner  aurfact)  of  the  subzonal 
membrafle ;  the  placenta  is  on  the  ventral  side  of  the  embryo,  and  occupies 
only  a  small  part  of  the  surface  of  the  allantois.     The  placenta  of  Apes 
and  Man  might  be  called  metadiscoidal,  in  order  to  distinguiah  it  from  the 
primitive  discoidal  placenta  of  the  Rodentia  and  Insectivora. 

In  the  Armadilloea  (Dasypus)  the  placenta  is  truly  discoidal  and  deci- 
duate  (Owen  and  Kolliker).  Alf.  Milne  Edwards  states  that  in  Dasypus 
novemcinctus  the  placenta  its  zonary,  and  both  Kolliker  and  he  found  four 
embryos  in  the  ut«rus,  each  with  its  own  amnion,  but  the  placenta  of  all 
four  united  together;  and  all  four  enclosed  in  a  common  chorion.  A 
reflesa  does  not  appear  to  be  present.  In  the  Slothw  the  placenta  ap- 
■  proaches  the  discoidal  type  (Turner,  No.  218).  It  occupiew  in  Chelopus 
Uoffmanni  about  four-fifllis  of  the  surface  of  the  chorion,  and  is  composed 
of  about  thirty-four  discoid  lobes.  It  is  truly  deoiduate,  and  the  maternal 
capillaries  are  replaced  by  a  system  of  sinuses  (fig.  161).  The  amnion  is 
close  to  the  inner  surface  of  the  ohonon.  A  dome-shapied  placenta  is  also 
found  amongst  the  Edentata  in  Mvrmecophaga  and  Tamandua  (Milne 
Edwards,  No.  so8). 


Fia.  1S3.    Section  or  the  buhah  ctbbus 
I  THE  THmTiBTH  WEEK  OF  FBEONUtcx.  (Ftoiu  Huzlef,  after 
Icker.) 
A.  umbilical  cord;  B.  chorion ;  C.  tceUiX  villi  separatecl 
by  prooesEea  of  the  decidua  serotin*,  D;   E,  F,  O.  walls 
of  ntems. 


3y  Google 


206  THE  ZONARY  PLACENTA. 

Zonsiy  FlaCfilltiL  Aaother  form  of  deciduate  placenta  ix  known  an 
the  zonaxy.  This  form  of  placenta  occupies  a  broad  zone  of  the  chorion, 
leaving  the  two  poles  free.  It  18  found  in  the  CarniYora,  Hyrax,  Elephas, 
and  Orycteropua. 

It  is  easy  to  understand  bov  the  zonary  placenta  may  be  derived  from 
the  primitive  arrangement  of  the  membranes  {vide  p.  199)  by  the  exten- 
rion  of  a  diteoidal  placental  area  to  a  zonary  area,  but  it  is  possible 
that  Bom«  of  the  typea  of  zonary  placenta  may  have  been  evolved  from 
the  conoentration  of  a  diffused  placenta  {vide  p.  217)  to  a  zoiiaiy  area. 
The  absence  of  the  placenta  at  the  extreme  poles  of  the  churiun  is  explained 
by  tbe.faot  of  tbeir  not  being  covered  by  a  reflection  of  the  uterine  mucous 
membrane.  In  the  later  periods  of  pregnancy  the  placental  area  becomeB, 
however,  in  most  forma  much  more  i-estricted  than  the  area  of  contact 
between  the  uterus  and  chorion. 

In  the  Dog',  which  may  be  taken  as  fTpe,  there  is  a  large  vascular 
yolk-Back  formed  in  the  usual  way,  which  does  not  however  fuse  with  the 
chorion.  It  extends  at  first  quit«  to  the  end  of  the  citron-sha|>ed  ovum, 
and  peraista  till  birth.  The  allantois  first  grows  out  on  the  dorsal  aide 
of  the  embryo,  where  it  coalesces  with  the  subzonal  membrane,  over  a 
amalt  discoic^  area. 

Before  the  fusion  of  the  allantois  with  the  subzonal  membrane,  there 
grow  out  from  the  whole  surface  of  the  external  covering  of  the  ovum, 
except  the  poles,  numerous  non-vascular  villi,  which  fit  into  uterine  crypta. 
When  the  allantois  adherea  to  the  subzonal  membmne  vascular  processes 
grow  out  from  it  into  these  villi.  The  vascular  villi  so  formed  are  of  course 
at  first  confined  to  the  disc-shaped  area  of  adhesion  between  the  allantois 
and  the  subzonal  membrane ;  <atd  there  is  thus  formed  a  mdimetUaiy  dia- 
eoidai  placenta,  closely  resembling  that  of  the  Rodentia.  The  view  pre- 
viously stated,  that  the  zonary  placenta  is  derived  from  the  discoidal  one, 
receives  from  this  fact  a  atrong  support. 

The  cavity  of  the  allantois  is  large,  and  its  inner  part  is  in  contact  with 
the  amnion.  The  area  of  adhesion  between  the  outer  part  of  the  allantois 
and  subzonal  membrane  gradually  spreads  over  the  whole  interior  of  the 
aubzonal  membrane,  and  vaacular  villi  are  formed  over  the  whole  area  of 
adbeeion  except  at  the  two  extreme  poles  of  the  egg.  The  last  part  to  be 
covered  ia  the  ventral  side  where  the  yolk-aack  adjoins  the  subzonal 
membrane. 

During  the  extension  of  the  allantois  its  cavity  peraiats,  and  its  inner 
part  covers  not  only  the  amnion,  but  also  the  yolk-aack.  It  adheres  to 
the  amnion  and  supplies  it  with  blood-vessels  (Bischoff). 

With  the  full  growth  of  tbe  allantois  there  is  formed  a  broad  placental 
zone,  with  numerous  branched  villi,  fitting  into  corresponding  pit«  which 
become  developed  in  the  uterine  walls.  The  maternal  and  ftetal  struc- 
turea  become  closely  interlocked  and  highly  vascular;  and  at  birth  a  large 
part  of  the  maten^  part  is  carried  away  with  the  placenta;  some  of  it 
however  atill  remains  attached  to  the  muscular  wall  of  the  uterus.  The 
villi  of  the  chorion  do  not  fit  into  uterine  glanda  The  zone  of  the  pla- 
centa diminishea  greatly  in  proportion  to  the  chorion  as  the  latter  elongates, 
and  at  the  full  time  the  breadth  of  the  zone  is  not  more  than  about  one- 
fifth  of  the  whole  length  of  the  chorion. 

■  Vide  Bisohofl,  Ho.  ijs- 
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At  the  edge  of  the  plaoeatol  zone  there  ia  a  very  amall  portion  of  the 
uterine  mucoua  membrane  reflected  over  the  non-placeutal  part  of  the 
chorion,  which  forms  a  small  reflesa  analogous  with  tiie  refleza  in  Man. 

The  Camivora  generally  closely  resemble  the  Uog,  but  in  the  Cat  the 
whole  of  the  materaal  part  of  the  placenta  is  carried  away  with  the  festal 
parts,  BO  that  the  placenta  is  more  completely  decidnate  than  in  the  Dog. 
In  the  Grey  Seal  (Haliehcems  gryphua,  Turner,  No.  219)  the  general 
arrangement  of  the  foetal  membranes  is  the  same  as  in  the  other  groups 
of  the  CamiTora,  but  there  in  a  considerable  refieza  developed  at  the  edge 
of  the  placenta.  The  fietal  part  of  the  jJacenta  is  divided  by  a  series  of 
primary  fiRsni'es  which  give  off  secondary  and  tertiary  fissures.  Into  the 
fisanres  there  paas  vascular  laminfe  of  the  uterine  wall.  The  general  sur- 
&ce  of  the  fcetal  part  of  the  placenta  between  the  fissures  ia  covered  by  a 
greyish  membrane  formed  of  the  coalesced  terminations  of  the  foetal  villi. 

The  atructure  of  the  placenta  in  Hyrax  ia  stated  by  Turner  (No,  221) 
to  be  vety  similar  to  that  in  the  Felidia.  The  allantoic  sack  ia  large,  and 
covers  the  whole  sur&ce  of  the  subzonal  membrane.  The  amnion  is  also 
large,  but  the  yolk-sack  would  seem  to  disappear  at  an  early  stage,  instead 
of  pergieting,  as  in  the  Camivora,  till  the  cloae  of  ftetal  life. 

The  Elephant  (Owen,  Turner,  Chapman)  is  provided  with  a  zonary 
deciduate  placenta,  though  a  villous  patch  is  present  near  each  pole  of  the 
chorion. 

Turner  (No.  220)  hoa  shewn  that  in  Orycteropus  there  ia  present  a  zonary 
plaoenta,  which  differs  however  in  several  particulaj^  from  the  normal 
zonary  placenta  of  the  Camivora ;  and  It  is  even  doubtful  whether  it  is 
truly  deciduate.  There  ia  a  single  embryo,  which  fills  up  the  body  of  the 
uterus  and  also  projects  into  only  one  of  the  homa.  The  placenta  forms  a 
broad  median  zone,  leaving  the  two  poles  free.  The  breadth  of  the  zone  is 
considerably  greater  than  ia  usual  in  Camivora,  one-half  or  more  of  the 
whole  longitudinal  diameter  of  the  chorion  being  occupied  by  the  placenta. 
The  chorionic  villi  are  arborescent,  and  diffusely  scattered,  and  though  the 
maternal  and  fcetal  parts  are  closely  interwoven,  it  has  not  been  ascer- 
tained whether  the  adhesion  between  them  is  sufficient  to  cause  the  ma- 
ternal sabepitholial  tissue  to  be  carried  away  with  the  fcetal  part  of  the 
placenta  at  birth.  The  allantoia  is  adherent  to  the  whole  chorion,  the  non- 
placental  parts  of  which  are  vascular.  In  the  umbilical  cord  a  remnant  of 
the  allantoic  vesicle  was  present  in  the  embryos  observed  by  Turner,  but  in 
the  absence  of  a  large  allantoic  cavity  the  Cape  Ant-eater  differs  greatly 
from  the  Camivora.  The  amnion  and  allantoia  were  in  contact,  but  no 
yolk-sack  was  observed. 

Kon-deoidtiate  pla>centa.  The  remaining  Mammalia  ure  characterized 
by  a  non-deciduate  placenta ;  or  at  least  by  a  placenta  in  which  only  parts  of 
the  maternal  epithelium  and  no  vascular  maternal  structures  are  carried  away 
at  parturition.  The  non-deciduate  placentse  are  divided  into  two  groups  ; 
(1)  The  polycotyledonary  pljcenta,  characteristic  of  the  true  Kuminantia 
(Cervidee,  Antilopidte,  Bovidfe,  Camelopardalidn);  (2)  the  diffused  placenta 
found  in  the  other  non-deciduate  Mammalia,  viz.  the  Perissodactyla,  the 
Suidte,  the  Hippopotamidie,  the  Tylopoda,  the  Tragulldte,  the  Sirenia,  the 
Oetacea,  Mauis  amongst  the  Edentata,  and  the  Lemuridn.  The  polycoty- 
ledonary form  is  the  most  differentiated ;  and  is  probably  a  modification  of 
the  diffused  form.     The  diffused  non-deciduate  placenta   is   very   easily 
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derived  from  the  {irimitive  tjpe  (|).  199)  by  tiu  extension  of  the  alliuktoic 
portioQ  of  the  chorion ;  aud  the  exclusiou  of  the  yolk-aack  from  any  par- 
ticipation in  forming  the  choi-iun. 

Tho  possession  in  commoQ  of  a  diffused  ty[ie  of  pla«enta  is  by  no 
means  to  be  regarded  as  a  necessary  pi-oof  of  affinity  between  two  groups, 
and  there  are  often,  even  amongst  animals  possessing  a  difl'used  form  of 
placenta,  considerable  differences  in  the  general  arrangement  of  tlie  em- 
bryonic membranes. 

Unf  nlata.  Although  the  Ungulata  include  forms  with  both  coty- 
ledonary  and  diffused  placentie,  the  general  urrajigement  of  the  embryonic 
membranes  is  so  similar  throughout  the  group,  that  it  will  be  convenient  to 
commence  with  a  description  of  them,  which  will  fairly  apply  both  to  the 
Buminantia  and  to  the  other  forms. 

The  blastodermic  vesicle  during  the  early  stages  of  development  lies 
freely  in  the  uterus ;  and  no  non-vascnlar  villi,  similar  to  those  of  the 
Dog  or  the  Rabbit,  are  formed  before  the  appearance  of  the  allantois. 
The  blastodermic  vesicle  has  at  first  the  usual  spherical  form,  but  it  grows 
out  at  an  early  period,  and  with  prodigious  rapidity,  into  two  immensely 
long  horns ;  which  in  cases  where  there  is  only  one  embryo  are  eventually 
prolongud  for  the  whole  length  of  the  two  horns  of  the  uterus.  The 
embryonic  area  is  formed  in  the  usual  way,  and  its  long  axis  is  placed  at 


Blscboff.) 
yk.  yolk-tack ;  all.  allantois  Just  sproatiog  aa  a  bilobed  sack. 

right  angles  to  that  of  the  vesicle.  On  the  formation  of  an  amnion  there 
is  formed  the  usual  subzonat  membrane,  which  soon  )>ccon)es  separated  by 
a  considerable  space  from  the  yolk-sock  (fig.  153).  The  yolk-aack  is,  how- 
ever, continued  into  two  elongated  processes  (yi),  which  pass  to  the  two 
extremities  of  the  subzonal  membrane.  It  is  supplied  with  the  normal 
blood-vessels.  As  soon  as  the  allantois  appenrs  (fig.  153  all),  it  grows  out 
into  a  right  and  a  left  process,  which  rspidly  fill  the  whole  free  space  within 
the  Bub7Anal  membrane  and  in  many  cases,  «.g.  the  Fig  (Von  Biier),  break 
through  the  ends  of  the  membrane,  from  which  ihey  project  as  the  diver- 
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ticula  allantoidio.  The  Qa.\\ly  of  tht!  allxntoiK  reniiiiiin  large,  l>iit  the 
lining  of  hypoblast  becomes  separated  from  the  oeHOblast,  owing  to  the 
more  rapid  growth  of  the  latter.  The  nieaohhist  of  the  allantoiH  apjiliee 
itaelf  externally  to  the  Bubzonal  membrane  to  form  the  chorion',  and  in- 
ternally to  tlie  amnion,  the  cavity  of  which  remains  very  small.  The 
chorionic  portion  of  the  allantoic  mesoblaat  is  very  vascular,  and  that 
applied  to  the  amnion  also  becomes  vascular  in  the  later  developmental 
periods. 

The  honiR  of  the  yolk-Eock  gi-adually  atrophy,  and  the  whole  yolk- 
sack  disappears  some  time  before  birth. 

Where  two  or  more  einbryoa  are  present  in  the  iiterua,  the  chorions  of 
the  several  embryos  may  unite  where  they  are  in  contact. 

From  the  chorion  there  grow  out  numerous  vascular  villi,  which  fit  into 
corresponding  pits  in  the  uterine  walls.  According  to  the  distribution  of 
these  villi,  the  allantois  is  either  ditfiised  or  polycotyledonnry. 

The  pig  presents  the  simplest  type  of  diffused  placenta.  The  villi  of 
the  surface  of  the  chorion  cover  a  broad  zone,  leaving  only  the  two  poles 
free ;  their  arrangement  differs  therefore  from  that  in  a  zonary  placenta 
in  the  greater  breadth  of  the  zone  covered  by  them.  The  villi  have  thx 
form  of  simple  papillae,  arranged  on  a  series  of  ridges,  which  are  highly 
vascular  as  compared  with  the  intervening  valleys.  If  an  injected  chorion  is 
examined  (fig.  1 541,  certain  clear  non-vascular  spots  are  to  be  seen  (h),  from 


FlO.    154.       POBTIOK    Ot   TUB    INJKCTID    CHORION    OF    A    PlO,    SLIOBTLI 

(From  Turner.) 

The  Bgnre  shewB  a  miDule  oironlar  spot  (b)  (enoloBed  by  a  vasoular  rins)  from 
which  villooB  ridges  (r)  radiate. 

which  the  ridges  of  villi  radiat«.  The  surface  of  the  uterus  adapts 
itself  exactly  to  tlie  elevations  of  the  chorion ;  and  the  furrows  which 
receive  the  chorionic  ridges  are  highly  vascular  (fig.  15fi).  On  the  other 
hand,  there  are  non-vascular  circuhu-  depreKsions  corresponding  to  the  non- 
vascular areas  on  the  chorion;  and  in  these  areas,  and  in  these  alone,  the 
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glands  of  the  uterus  open  (fig.  155  g)  (Turner).     The  mateniBl  and  fietal 
parts  of  the  placenta  in  the  pig  separate  with  very  great  ease. 


FlO.  1S6.        SnBJACE-¥IBW   OF  THE   IHJEUTEU    tIEHINE   MDCOSA    OF   A    r.MVIII    PiO.       (FtOID 

Turner.) 
D'Tasculsr  spot  where  a  gland  opens  1^)  sarrotuided  by 


lu  the  marc  (Turner),  the  ftEtal  villi  are  arranged  in  a  less  definite 
zonarj  band  than  in  the  pig,  though  still  absent  for  a.  ver^  small  area  at 
both  poles  of  the  chorion,  and  also  opposite  the  os  utfri.  The  6liform  villi, 
though  to  the  naked  ere  uniformly  scattered,  are,  when  magnified,  fonnd  to 
.  be  clustered  together  in  minute  cotyledons,  which  fit  into  corresponding 
uterine  cryptfi  (fig.   156).     Surrounding  the  uterine  crypts  arc  reticulate 


JSNTi  OF  A  JIabe. 

(From  Tomer.) 

eft.  chorion  with  its  villi  partly  in  titu  and  partly  drawn  oat  ofths  orypts  (er); 
R.  loose  epithelial  cells  which  formed  the   lining  of  Ibe  orypt;  g.  uterine  glands; 
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riJges  on  which  are  placed  the  openings  of  the  uterine  glands.  The  re- 
maining Ungutata  with  diffused  placentee  do  not  differ  in  any  important 
particulars  from  those  already  deficribed. 

The  poly coty led ouary  form  of  placenta  is  found  in  the  Rutninantia 
alone.  Its  essential  character  consists  in  the  fcetal  villi  not  being  uni- 
formly distributed,  but  collected  into  patches  or  cotyledons  which  form  a? 
it  were  so  many  small  placentcu  (6g.  157),    The  foetal  villi  of  these  patches 


la.  157.     Utbbl'b  of  a  Cow  in  tbb  uiddle  or  pbbonihct  luo  orBX.     (From  Hailey 
after  Colin.) 
v.  vagina  ;  U.  ntenlB  ;  CA.  chorion  ;  C.  nt^rine  cotj'letloQS  ;  C*.  fcetal  ootjledons. 


Fra.     168.       COTTLEDON     OF     1     Cow,    THE    FtETU. 

(From  Huiley  after  Colin.) 
u.  atcnti ;  Ch.  oborion;  f.  maternal  part  of  cotyledon ;  C.  ftetal  part. 

14—8 
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fit  into  corresponding  pits  in  thickeneil  patches  of  the  wall  of  the  uterus 
(figs.  158  and  159).  In  many  cases  (TtirQer),  the  interlocking  of  the 
maternal  and  fuetal  structures  is  so  close  that  large  parts  of  the  maternal 
epithelium  are  carried  awa^  when  the  fcetal  villi  are  separated  from  the 


Fio.  169,     BBMi-DuaanmATio  tbbtic*!,  bbci 

ooTSLEDON  or  k  Bhiep.     (From  Turner.) 
CT.  ctrpta;  e.  epithelial  lining  of  otTpU;  r,  veins  and  e.  outline  arterion  ot  Bub- 
epitbelial  comtectiTe  tissue. 

ateruB.  The  glands  of  the  utei-us  open  in  the  intervals  between  the 
cotyledons.  The  character  of  the  cotyledons  differs  greatly  in  different 
types.  The  maternal  parts  are  cup-shaped  in  the  sheep,  a:id  mushroom- 
shaped  in  the  cow.  There  are  from  60 — 100  in  the  cow  and  sheep,  but 
only  about  five  or  tix  in  the  Soe-deer.  In  the  Giraffe  there  are,  in  addition 
to  larger  and  smaller  cotyledons,  rows  and  clusters  of  t-hort  villi,  so  that  the 
placenta  is  more  or  less  intermediate  between  the  polycotyledonary  and 
diffused  types  (Turner).  A  similarly  intermediate  type  of  placenta  is  found 
in  Cervus  mexicauus  (Turner). 

The  groups  not  belonging  to  the  Ungutata  which  are  characterized  by 
the  possession  of  a  difl\<sed  placenta  are  the  Sirenia,  the  Cetacea,  Mams, 
and  the  Leuinridte. 

Sirenift-  Of  the  Sirenia,  the  plscentation  of  the  Dugong  is  known 
from  some  observations  of  Harting  (No.  20i). 

It  is  provided  with  a  diffuse  and  non-deeiduate  placeata;  with  the 
villi  generally  scattered  except  at  the  poles.  The  umbilical  vesicle  vanishes 
early. 

CetaCSa.  In  the  Cetacea,  if  we  may  generalize  from  Turner's  observa- 
tionn  on  Orca  Gladiator  and  the  Narwhal,  and  thoxeof  Anderson  (Na  191) 
on  PlatAnista  and  Orcella,  the  blaHtudermic  vesicle  is  very  much  elongated, 
and  prolonged  unsymmetrically  into  two  horns.  The  mesoblaat  (fig.  160) 
of  the  alJantois  would  appear  to  grow  round  the  whole  inner  surface  of  the 
snbzonal  membrane,  but  ttie  cavity  of  the  allantoia  only  persiste  as  a  widish 
sack  on  the  ventral  aspect  of  the  embryo  {al).     The  amnion  {aw)  is  enor- 
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moas,  and   is  dorsally  in  apposition  -with,  and  apparently  coalesces  with 
the  cborion,  and  veutrally  covers  the  inner,  wall  of  the  pemstent  allantoic 


MBBAHXB  IN  Oma  QLiDUTOR,     {From  Tamer.) 
;  at.  oUuitoia ;  B.  embiyo. 

sack.  The  chorion,  except  for  a  small  area  at  the  tiro  poles  and  opjiosite 
the  OS  uteri,  is  nearly  nniformly  covered  with  villi,  which  are  more  nume- 
rous than  in  fig.  160.  In  the  large  size  of  the  amnion,  and  small  dimen- 
sions of  the  persistent  allantoic  sack,  the  Cetacea  differ  considerably  from. 
the  Ungulata. 

Manis.  Manis  amongst  the  Edentata  {H^sents  a  type  of  diffused 
placenta'.  The  villi  are  arranged  in  ridges  which  radiate  from  a  non^villons 
longitudinal  strip  on  the  concave  surface  of  the  chorion. 

Mania  presents  us  with  the  third  type  of  placenta  found  amongst  the 
Edentata.  On  this  subject,  I  may  quote  the  following  suntence  from 
Turner  {Jmtmai  (ff  Anat.  and  Phy».,  vol.  x.,  p.  706). 

"  The  Armadillos  (Dasypus),  according  to  Professor  Owen,  posHess  a 
single,  thin,  oblong,  disc-shaped  placenta;  a  specimen,  probably  Dasypus 
gymnunis,  recently  described  by  Ecdiiker*,  had  a  transversely  oval  pla- 
centa, which  occupied  the  upper  §rds  of  the  nterua.  In  Manis,  as  Dr 
Sharpey  has  shewn,  the  [dacenta  is  diffused  over  the  stiriaces  of  the  chorion 
and  uterine  mucosa.  In  Myrmecophaga  and  Tamandua,  as  MM.  Milue 
Edwards  have  pointed  out,  the  placenta  is  set  on  the  chorion  in  a  dome- 
like manner.  In  the  Slotha,  as  I  have  elsewhere  described,  the  placenta  is 
dome-like  in  its  general  form,  and  consists  of  a  number  of  aggregated, 
discoid  lobea.  In  Orycterapus,  as  I  have  now  Bhewn,  the  placenta  is 
broadly  zonular." 

LeintlTidsB.  The  Lemurs  in  spite  of  their  affinities  with  the  Primates 
and  Insectavora  have,  as  has  been  diewn  by  Milne  Edwards  and  Turner,  an 
apparently  very  different  form  of  placenta.  There  is  only  one  embryo,  which 
occupies  the  body  and  one  of  the  comua  of  the  utems.  The  yotk-sack 
disappears  early,  and  the  allantois  (Turner)  bulges  out  into  a  right  and 
left  lobe,  which  meet  above  the  back  of  the  embryo.  The  cavity  of  the 
allantois  persists,  and  the  mssoblast  of  the  outer  wall  fuses  with  the 
subzonal  membrane  (the  hypoblastic  epithelium  remaining  distinct)  to  give 
rise  to  the  chorion. 

On  the  surface  of  the  chorion  are  numerous  vascular  villi,  which  fit 
into  uterine  crypta.  They  are  generally  distributed,  though  absent  at  the 
two  ends  of  the  chorion  and  opposite  the  os  uteri.     Tlieir  distribution 

'  The  obsemtione  on  tbis  head  were  made  by  Sharpey,  and  are  qnoted  by  Emley 
(No.  loi)  and  with  additional  obeervations  by  Tomer  in  hia  Memoir  on  the  plaoents- 
tion  of  the  Sloths.  Andersoii  (No.  191)  hoe  also  recently  oonOrmed  Sharpey'e  acGoant 
of  the  dLSased  oharaoter  of  the  plaoenta  of  Manis. 

)  Enhcitkbingngfchithtt  da  Memchtn,  etc.,  3nd  ed.,  p.  362.    Leipzig,  IHTtt. 
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FlQ.  mi.       DllOBAUJlAXIC    HBFltEHEN  TAT  IONS   OF   THE  MINUTE    BTBDCTUBX   Of   THE 

Placenta.    [From  Tnmer.) 
F.  theTietal;    M.  the  maternail  placenta;   r.  epithelium  of  chorion ;  t'.  epithelium 
of  maternal  plaoeDta;  <J.  foetal  blotid-vesitplH;  if',  matenial  hlood-vesBeliii  t>.  tUIdb. 
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A.  Placenta  in  ita  moat  geneialiKeil  form. 

B.  Structure  q[  placenta  of  a  Pig. 

C.  Stmcture  of  placenta  of  a  Con. 

D.  Stcuctuce  of  placenta  of  a  Fox. 

E.  Structure  of  placenta  of  a  Cat. 

F.  Structure  of  placenta  of  a  Sloth. 

maternal  epithelial  cells  are  shewn  intitu.     . 

the  dilated  maternal  veBse)  with  He  blood-corpuecles  is  eiposed. 

O.  Stmctnre  of  Human  placenta.  In  addition  to  the  letters  already  referred  to, 
(tt,  di.  lepreBenta  the  deoidua  eerolina  of  the  placenta ;  t,  t.  trabeculu  of  aerotina 
paaaing  to  the  fcetal  vilh ;  ca.  cniliag  artery ;  up.  ntero-placental  vein;  jr.  a  prolonga- 
tion of  maternal  tiaaue  on  Che  exterior  of  the  villus  outside  the  cellular  lajer  e',  nhioh 
may  represent  either  the  endothelium  of  the  maternal  blood-vessel  or  delicate  con- 
nective tiHsne  belonging  to  the  serotina,  or  both.  The  layer  e'  repreaents  maternal 
celts  derived  fimn  the  serotina.  The  layer  of  fietal  epithelium  cannot  be  seen  on  the 
villi  ot  the  fully-formed  human  placenta. 

accords  with  Tnmer'e  diffused  ty]>e.  Patches  bare  of  villi  correspoad  with 
emooth  areas  od  the  surface  of  the  uterine  muoosa  in  which  numerous 
utricular  glands  open.      There  is  no  reflexa. 

Although  the  Leinuriao  type  of  placenta  undoubtedly  differs  from  that  of 
the  Primates,  it  must  be  borne  in  mind  tbat  the  placenta  of  the  Primates 
maj  easily  be  conceived  to  be  derived  from  a  Lemuriau  form  of  placenta. 
It  will  be  remembemd  that  in  Man,  before  the  true  placenta  becomes  deve- 
loped, there  is  a  condition  with  simple  vascular  villi  scattei'ed  over  the 
chorion.  It  seoms  very  probable  that  tjiia  is  a  repetition  of  the  condition 
of  the  placenta  of  the  ancestors  of  the  Primates  which  has  probably  been 
more  or  less  retained  by  the  Lemurs.  It  was  mentioned  above  that  the 
resemblance  between  the  metadiscoidal  placenta  of  Man  and  tbat  of  the 
Cheiroptera,  Insectivora  and  Bodentia  is  rather  physiological  than  morpho- 
logical. 

Comparative  histology  of  tiie  Placenta. 

It  does  not  full  within  tho  province  of  this  work  to  treat  from  a 
histological  standpoint  the  changes  which  take  place  in  the  nt«riue  walls 
during  pregnancy.  It  will,  however,  be  convenient  to  place  before  the 
reader  a  short  statement  of  the  reliitions  between  the  maternal  and 
fcetal  tissues  in  the  different  varieties  of  placenta.  This  subject  has  been 
admirably  dealt  with  by  Turner  (No.  232),  from  whose  paper  fig.  161 
illustrating  this  subject  is  taken. 

The  simplest  known  condition  of  the  placenta  is  that  found  in  the 
pig  (B).  The  papilla-like  fcetal  villi  fit  into  the  maternal  crypts.  The 
villi  (v)  are  formed  of  a  connective  tissue  cone  with  capillaries,  and  are 
covered  by  a  layer  of  very  flat  epithelium  (e)  derived  from  the  subzonal 
membrane.  The  maternal  crypts  are  lined  by  the  uterine  epithelium  {e), 
immediately  below  which  is  a  capillary  flex;u3.  The  maternal  and  fcetal 
Tessels  are  here  separated  by  a  double  epithelial  layer.  The  same  general 
arrangement  holds  good  in  the  diOused  placentee  of  other  forms,  and  in 
the  polycotyledonary  placenta  of  the  Ruminantia,  but  the  fcetal  villi  (C) 
in  the  latter  acquire  an  arborescent  form.  The  maternal  vessels  retain 
the  form  of  capiUaries. 

In  the  decidnate  placenta  a  considei-ably  more  complicated  arrange- 
ment is  usually  found.  In  the  typical  nonary  placenta  of  the  fox  and  oat 
(D  arid  E),  the  maternal  tisaue  is  broken  up  into  a  comjilete  trabecular 


3y  Google 


216  EVOLUTION   OF  THE  PLACENTA. 

meshwork,  and  in  the  interior  of  the  trabecalse  there  run  dilated  maternal 
capillaries  {d').  The  trabecule  are  covered  by  a  more  or  leaa  columnar 
uteiine  epithelium  («'),  and  are  in  contact  on  every  side  with  foetal  villi. 
The  capillariea  of  the  fietal  villi  preserve  their  normal  size,  and  the  villi 
are  covered  by  a  flat  epithelial  layer  (e). 

In  the  sloth  (F)  the  maternal  capillaries  become  still  more  dilated,  and 
the  epithelium  covering  them  is  formed  of  very  flat  polygonal  cells. 

In  the  human  placenta  (G),  as  in  that  of  Apes,  the  greatest  modi- 
fication is  found  in  that  the  maternal  vessels  have  completely  lost  their 
capillary  form,  and  have  become  expanded  into  large  freely  commu- 
nicating sinuses  (</').  In  these  sinuses  the  foetal  villi  hang  far  the  most 
part  freely,  though  occasionally  attached  to  their  walls  {t).  In  the  late 
stages  of  ftetal  life  there  b  only  one  epithelial  layer  {/)  between  the 
materual  and  f<xtal  veaaels,  which  closely  inveata  the  f(£tal  villi,  but,  as 
shewn  by  Turner  anil  Ercolani,  is  part  of  the  nt«rine  tissue.  In  the  fcetal 
villi  the  vessels  retain  their  capillary  form. 

Evolution  of  the  Placenta. 
From  Owen's  observations  on  the  Marsupials  it  is  clear  that  the 
yolk-sack  in  this  group  plays  an  important,  if  not  the  most  important 
part,  in  absorbing  the  maternal  nutriment  destined  for  the  foBtua. 
The  fact  that  in  Marsupials  both  the  yolk-sack  and  the  allantoia  are 
functional    in    rendering    the    chorion    vascular    makes    it    d.  priori 

?robable  that  this  was  also  the  case  in  the  primitive  types  of  the 
'lacentalia,  and  this  deduction  is  supported  by  the  fact  that  in  the 
Bodentia,  Insectivora  and  Cheiroptera  this  peculiarity  of  the  foetal 
membranes  is  actually  found.  In  tlie  primitive  Placentalia  there 
was  probably  present  a  diacoidal  allantoic  region  of  the  chorion,  from 
which  simple  feetal  villi,  like  those  of  the  pig  (fig.  161  B),  projected 
into  uterine  crypts  ;  but  it  is  not  certain  how  far  the  umbilical  part 
of  the  chorion,  which  was  no  doubt  vascular,  may  also  have  been 
villous.  From  such  a  primitive  type  of  feetal  membranes  divereences 
in  various  directions  have  given  rise  to  the  types  of  festal  memhraaes 
now  existing. 

In  a  general  way  it  may  be  laid  down  that  variations  in  any 
direction  which  tended  to  increase  the  absorbing  capacities  of  the 
chorion  would  be  advantageous.  There  are  two  obvious  wavs  in 
which  this  might  be  done,  viz.  (1)  by  increasing  the  complexity  of 
the  f(Btal  villi  and  maternal  crypts  over  a  limited  area,  (2)  by  in- 
creasing the  area  of  the  part  of  the  chorion  covered  by  placental  villi. 
Various  combinations  of  the  two  processes  would  also  of  course  be 
advantageous. 

The  most  fundamental  change  which  has  taken  place  in  all  the 
existing  Flaccntalia  is  the  exclusion  of  the  umbilical  vesicle  from 
any  important  function  in  the  nutrition  of  the  fcetua 

The  arrangement  of  the  feetal  parts  in  the  Kodentia,  Insectivora 
and  Cheiroptera  may  be  directly  derived  from  the  primitive  form  by 
supposing  the  villi  of  the  discoidal  placental  area  to  have  become 
more  complex,  so  as  to  form  a  deciditate  discoidaJ  placenta;  while  the 
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yolk-sack  still  plays  a  part,  though  physiologic^dly  an  unimportant 
part,  in  rendering  the  clionon  vascular. 

In  the  Caraivora  again  we  have  to  start  from  the  discoidal  pla- 
centa, as  shewn  by  the  fact  that  the  allantoic  region  of  the  placenta 
is  at  first  discoidal  (p.  20G).  A  zonary  deciduate  placeuta  indicates 
an  increase  both  in  area  and  in  complexity.  The  relative  diminution 
of  the  breadth  of  the  placental  zone  in  late  fcetEil  hfe  in  the  zonary 
placenta  of  the  Carnivoia  ia  probably  due  to  its  being  on  the  whole 
advantageous  to  secure  the  nutrition  of  the  foetus  by  insuring  a  more 
intimate  relation  between  the  fcetal  and  maternal  parts,  than  by 
increasing  their  area  of  contact.  The  reason  of  this  is  not  obvious, 
but  as  mentioned  below,  there  are  other  cases  where  it  can  be  shewn 
that  a  diminution  in  the  area  of  the  placenta  has  taken  place,  ac- 
companied by  an  increase  in  the  complexity  of  its  villL 

The  second  type  of  differentiation  from  the  primitive  form  of 
discoidal  placenta  is  illustrated  by  the  Lemuridse,  the  Suidie,  and 
Mania.  lu  all  these'ases  the  area  of  the  placental  villi  appears  to  have 
iDcreased  so  as  to  cover  nearly  the  whole  subzonal  membrane,  without 
the  villi  increasing  to  any  great  extent  in  complexity.  From  the 
ditfused  placenta  covering  the  whole  surface  of  the  chorion,  differ- 
entiations appear  to  have  taken  place  in  various  directions.  The 
tnetadiscoidal  placenta  of  Man  and  Apea,  from  its  mode  of  ontogeny 
(p.  203),  is  clearly  derived  from  a  diffused  placenta — very  probably 
similar  to  that  of  Lemurs — by  a  concentration  of  the  fcetal  villi,  which 
are  originally  spread  over  the  whole  chorion,  to  a  disc-shaped  area, 
and  by  an  increase  in  their  arhorescence. 

The  poly cotyle don ary  forms  of  placenta  are  due  to  similar  con- 
centrations of  the  fcetal  villi  of  an  originally  diffused  placenta. 

In  the  Edentata  we  have  a  group  with  very  varying  types  of 
placenta.  Very  probably  these  may  all  be  differentiations  within 
the  group  itself  from  a  diffiised  placenta,  such  as  that  found  in  Mania. 
The  zonary  placenta  of  Orycteropus  is  capable  of  being  easily  derived 
from  that  of  Manis,  by  the  disappearance  of  the  fcetal  villi  at  the 
two  poles  of  the  ovum.  The  small  size  of  the  umbilical  vesicle  in 
Orycteropus  indicates  that  its  discoidal  placenta  is  not,  like  that  in 
Camivora,  directly  derived  from  a  type  with  both  allantoic  and  um- 
bilical vascularization  of  the  chorion.  The  discoidal  and  dome-shaped 
placentEO  of  the  Amiadilloes,  Myrmecophaga,  and  the  Sloths  may 
easily  have  been  formed  from  a  diffused  placenta,  just  as  the  discoidal 
placenta  of  the  Siraiadie  and  Anthropid^e  appears  to  have  been 
formed  from  a  diffused  placenta  like  that  of  the  Lemuridte. 

The  presence  of  zonary  placentffl  in  Hyrax  and  Elephas  does  not 
necessarily  afford  any  proof  of  affinity  of  these  types  with  the  Car- 
nivora.  A  zonary  placenta  may  quite  easily  be  derived  from  a 
diffused  placenta;  and  the  presence  of  two  villous  patches  at  the 
poles  of  the  chorion  in  Elephas  indicates  that  this  was  very  probably 
the  case  with  the  placenta  of  this  form. 

Although  it   is  clear  from   the   above   considerations   that  the 
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placeuta  is  capable  of  being  used  to  same  esteDt  in  classification, 
yet  at  the  same  time  tho  striking  resemblances  which  can  exist 
between  such  essentially  different  forms  of  placenta,  as  for  instance 
those  of  Man  and  the  Rodeotia,  are  likely  to  prevent  it  being  employed, 
except  in  conjunction  with  other  characters. 

Special  types  of  development. 

The  Gninea-pig,  Cavia  Coljaya.  Many  years  ago  BisohofF  (No.  1 76) 
shewed  that  the  development  of  the  guinea-pig  was  strikingly  different  from 
that  of  other  Mammalia.  His  statements,  which  were  at  first  received  with 
some  doubt,  have  been  in  the  main  fully  confirmed  by  Hensen  (No.  182) 
and  Schiifer  (No.  190),  but  we  are  still  as  far  as  ever  from  explaining  the 
mystery  of  the  phenomenon. 

The  ovum,  enclosed  by  the  zona  radiata,  passes  into  the  Fallopian  tube 
and  undergoes  a  segmentation  which  has  not  been  studied  with  great 
detail.  On  the  close  of  segmentation,  about  six  days  after  impreg- 
nation, it  assumes  (Hensen)  a  vesicular  form  not  unlike  that  of  other 
Mammalia.  To  the  inner  side  of  one  wall  of  this  vesicle  is  attached  a 
mass  of  granular  cells  similar  to  the  hypoblastic  mass  in  the  blastodermic 
vesicle  of  the  rabbit.  The  egg  still  lies  freely  in  the  uterus,  and  is 
invested  by  its  zona  radiata.  The  changes  which  next  take  place  are  in 
spite  of  BischofTs,  Reichert's  (No,  188)  and  Hensen's  observations  still  in- 
volved in  great  obscurity.  It  is  certain,  however,  that  during  the  course  of 
the  seventh  day  a  ring-like  thickening  of  the  uterine  mucons  membrane,  on 
the  free  side  of  the  uterus,  gives  rise  to  a  kind  of  diverticulum  of  the 
uterine  cavity,  in  wfaicli  the  ovum  becomes  lodged.  Opposite  the  diver- 
ticulum the  mucous  membrane  of  the  meaometric  side  of  the  uterus  also 
becomes  thickened,  and  this  thickening  very  soon  (shortly  after  the  seventh 
day)  unites  with  the  wall  of  the  diverticulum,  and  completely  shuts  off  the 
ovum  in  a  closed  capsule. 

The  history  of  the  ovum  during  the  earlier  period  of  its  inclusion  in  the 
diverticulum  of  the  uterine  wall  is  not  satisfactorily  elucidated.  There 
appears  in  the  diverticulum  during  the  eighth  and  succeeding  days  a 
cylindrical  body,  one  eud  of  which  ia  attached  to  the  uterine  walls  at  the 
mouth  of  the  diverticulum.  The  opposite  end  of  the  cylinder  is  free,  and 
contains  a  solid  body. 

With  reference  to  the  nature  of  this  cylinder  two  views  have  been  put 
forward.  Reiclierl  and  Hensen  regard  it  as  an  outgrowth  of  the  uterine 
wall,  while  the  body  within  its  free  apex  is  regarded  as  the  ovum. 
Bischoff  and  Schafer  maintain  that  the  cylinder  itself  is  the  ovum  attached 
to  the  uterine  wall.  The  observations  of  the  latter  authors,  and  especially 
those  of  Schafer,  apjiear  to  me  to  speak  for  the  correctness  of  their  view '. 

The  cylinder  gradually  elongates  up  to  tho  twelfth  day.  Before  this 
period  it  becomes  attached  by  its  base  to  the  mesometric  thickening  of  the 
uterus,  and  entera  into  vascular  connection  with  it.  During  its  elongation 
it  becomes  hollow,  and  is  filled  with  a  fluid  not  coagulable  in  alcohol,  while 
the  body  within  its  apex  remains  unaltered  till  the  tenth  day. 


'  Schafer'a  and  Hensen's  atstements  aie  in  more  or  lees  direct  oontradiotioQ  aa  to 
the  HtTttottUfl  of  the  ovum  after  the  formation  of  the  embryo ;  and  it  ia  not  possible  to 
itecide  between  the  two  views  about  the  ovum  till  these  points  of  difference  have  beeu 
cleared  up. 
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Fia.  1G2.    DiionAHHATic 


Oa  this  day  a  cavity  (tevelopa  in  the  iut«nor  of  this  body  which  at  tlie 
same  time  enlarges  itself.  The  greater  part  of  its  wall  next  attachea 
itself  to  the  free  eud  of  the 

cylinder,  and  becomes  coa-  ,  * 

Biderably  thickened.  The 
remMader  of  the  wall  ad- 
joining the  cavity  of  the 
cylinder  becomes  a  com- 
paratively thin  luembrane. 
At  the  free  end  of  the  cy- 
linder there  appears  on  the 
thirteenth  day  an  embi-yonic 
area  similar  to  that  of  other 
Mammalia.  It  is  at  first 
round  but  soon  becomes 
pyriform,  and  in  it  there 
appear  a  primitive  streak 
and  groove;  and  on  their 
appearance  it  becomes  ob- 
vious thai  the  outer  layer  of 
the  cylinder  is  t/ie  kypoblunl' , 
instead  of ,  as  in  all  otJier 
MamnuUia,  l/ie  fj/iblast ;  and 
that  tlie  epiblaat  informml  by 
l/ie  waU  of  the  inner  vehicle, 
i.e.  UiA  original  solid  body 
placed  at  t/ie  end  of  the 
cylinder.  Thus  the  dorsal 
surface  of  the  embryo  is 
turned  inwards,  and  the 
ventral  surface  optwards, 
and  the  oi'dinary  position 
of  the  lityere  is  completely 
inverted. 

The  previously  cylindrical  egg  next  assumes  a  spherical  form,  and  the 
mesoblast  arises  in  connection  with  the  primitive  strejik  in  the  manner 
already  described.  A  splanchnic  layer  of  mesoblast  attaches  itself  to  the 
inner  side  of  the  enter  hypoblastic  wall  of  the  egg,  a  somatic  layer  to  the 
epiblast  of  the  inner  vesicle,  and  a  mass  of  mesoblaKt  grows  out  into  the 
cavity  of  the  larger  vesicle  forming  the  commeucemeiit  of  the  allantuis. 
The  general  structure  of  the  ovum  at  this  stage  is  rejiresented  on  tig.  162, 
copied  from  Schafer ;  and  the  condition  of  the  whole  ovum  will  best  be 
understood  by  a  description  of  this  figure. 

It  is  seen  to  consist  bf  two  venicles,  (1)  an  outer  larger  one  (A) — the 
original  egg- cylinder — united  to  the  mesometric  wall  of  the  uterus  by  a  vas- 
cular connection  at  mm',  and  (3)  an  inner  smaller  one  (ev) — the  originally 
solid  body  at  the  free  end  of  the  egg-oylinder.  Tlie  outer  vesicle  is  formed  of 
(1)  an  external  lining  of  columnar  hypoblast  (/i)  which  is  either  pierced  or 

'  According  to  Heusen  the  hj^blasl  grovs  roand  the  inside  of  the  wall  of  the 
cylindGT  froDi  the  body  which  he  rpgards  as  the  ovum.  Tbe  original  wall  of  ilie 
cyliDder  pcTBiata  as  a  very  thin  Inyer  separated  from  the  hypoblast  b;  a  membrane. 


(After  Schafer.) 
.epibiftBt;  A. hypoblast:  m'.amnioticmeHoblaati 
Bplanctmio  mexoblast;  am.  amnion;  «r.  cavity 
□nioT);  all.  allantoiH;  /.  mdimentary  blastopore; 
cavity  of  vesicle  coatintioDH  with  body-cavity; 
mucous  membrane  of  uteriiB;  nt'm'.  parts  where 
ulai  aterine  tiBBUo  perforates  hypoblast  of  blan- 
rmie  vBHiele ;  rt,  uterine  vascular  tierae;  I.  limits 
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inragiaaled  at  the  area  of  vascular  conneotion  with  the  nteros,  and  (2)  of 
AD  inner  layer  of  Bplanchoic  meaoblast  (m")  which  covers  without  &  break 
the  vascular  uterine  growth.  At  the  upper  pole  of  the  ovum  ia  placed 
the  smaller  epiblastic  vesicle,  and  where  the  two  vesicles  come  together  ia 
situated  the  embryonic  area  with  the  primitive  streak  (/),  and  the 
medullary  plate  seen  in  longitudinal  section.  The  thiiwer  wall  of  the 
inner  vesicle  is  formed  of  epiUast  and  somatic  mesoblast,  and  covers  over 
the  dorsal  face  of  the  embryo  just  like  the  amnion.  It  is  in  fact  usually 
spoken  of  as  the  amnioo.  The  large  cavity  of  the  outer  vesicle  is  continuous 
with  the  body  cavity,  and  into  it  project*  the  solid  mesoblastic  altantoia 
(aU),  so  far  without  hypoblast', 

Tbe  outer  vesicle  corresponds  exactly  with  the  yolk-sack,  and  its  meso- 
blastic  layer  receives  the  ordinary  vascular  supply. 

The  embryo  becomes  folded  off  from  the  yolk-sack  in  the  usual  way,  but 
comes  to  lie  not  outside  it  ae  in  the  ordinary  form,  but  in  He  interior, 
and  is  connected  with  it  by  an  umbilical  stalk.  The  yolk-sack  forms 
the  substitute  for  part  of  the  subzonal  membrane  of  other  Mammalia. 
The  so-called  amnion  appears  tu  me  from  its  development  and  position 
rather  to  correspond  with  the  non-embryonic  part  of  the  epiblastic  wall 
(true  subzonal  membrane)  of  the  blastodermic  vesicle  of  the  ordinary 
mammalian  forms  than  with  the  true  amnion ;  and  a  true  amnion  would 
seem  not  to  be  developed. 

The  allantois  meets  the  yolk-sack  on  about  the  seventeenth  day  at  the 
re^on  of  its  vascular  connection  with  the  uterine  wall,  and  gives  rise  to 
the  placenta.  A  diagrammatic 
representation  of  the  structure 
of  the  embryo  at  this  stage  is 
given  in  fig.  163. 

The  peculiar  inversion  of  the 
layei-s  in  the  Guinea-jiig  haa 
naturally  excited  the  curiosity 
of  embryo) ogiets,  but  as  yet  no 
satisfactory  explanation  has  been 
offered  of  it. 

At  the  time  when  the  ovum 
first  l>ecomes  fised  it  will  t>e  re- 
membered that  it  resembles  the 
early  blastodermic  vesicle  of  the 

ADJACKKi  UTERINE  WALLS  iT  AN  ADvxNcED  HTioK  P^HO  that  the  apparently  hypo- 

or  rsEONANCY.    (After  BixchoS.)  blastic     mass    attached    to    the 

yk.  inverted  yolk-Hnck   (umbilical  vesicle)  inner  wall  of  the  vesicle  becomes 

(onneilotaneitemalliypoblaBticlayer(HliadHi(  the  solid  body  at  the  end  of  the 

and  an  inteninl  vascular  layer  (black).    At  the  ej,„.cvlinder    This  annears  to  ha 

end  of  this  Iflver  m  placed  the  sinOa  terminalin ;  ?sS  cynnaer.    xms  appears  to  be 

all.  ftUantoiB ;  pi.  placenta.  Biachoff  a    view,   but   as  shewn 

TheeitBrnal  shaded  parts  are  tbe  nterine  atwve,  the  solid  mass   is  really 

walU.  the  epiblast !     Is  it  conceivable 

that  the  hypoblast  in  one  species 

'  HeDBen  states  that  the  hypoblast  never  grows  ii 
though  not  very  pret^iiw  on  tbe  point,  implies  that  it 
Boon  disappeam. 
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becomeB  the  epiblaat  In  a  closely  allied  siteciesl  To  my  mind  it  is  not 
conceivable,  and  I  am  reduced  to  the  hypothesiB,  put  forward  by  Henaen, 
th&t  in  the  course  of  the  attachment  of  the  ovum  to  the  wiiU  of  the  uterus 
a  rupture  of  walls  of  the  blastodermic  vesicle  takes  place,  and  that  they 
become  completely  turned  inside  out.  It  must  be  admitted,  however,  that 
in  the  present  state  of  our  knowledge  of  the  development  of  the  ovum  on 
the  seventh  and  eighth  days  it  is  not  possible  to  frame  a  satis&ctory 
explanation  how  such  an  inversion  can  take  place. 

The  Himiail  Embryo,  Our  knowledge  as  to  the  early  development 
of  the  human  embryo  ia  in  an  unsatisfactory  state.  The  positive  facts 
we  know  are  comparatively  few,  and  it  is  not  possible  to  construct  from 
them  a  history  of  the  development  which  is  capable  of  satisfactory  com- 
parison with  that  in  other  forms,  unless  all  the  early  embryos  known  are 
to  be  r^arded  as  abnormal.  The  most  remarkable  feature  in  the  develop- 
ment, which  was  first  clearly  brought  to  light  by  Allen  Thomson  in  1839, 
is  the  very  early  appearance  of  branched  villi.  In  the  last  few  years 
several  ova,  even  younger  than  those  described  by  Allen  Thomson,  have 
been  met  with,  which  exhibit  this  peculiarity. 

The  best-preeerved  of  these  ova  is  one  described  by  Betchert  (No,  237), 
This  ovum,  though  probably  nut  more  than  thirteen  days  old,  was  com- 
pletely enclosed  by  a  decidua  refleza.  It  had  (tig.  164  A  and  B)  a 
flattened  ova]  form,  measuring  in  its  two  diameters  G'5  mm.  and  3'5  mm. 
The  edge  was  covered  with  branched  villi,  while  ia  the  centre  of  each  of 
the  flattened  surbces  there  was  a  spot  firee  from  villL     On  the  surface 


Fto.  164.    Tas  buman  ovi  DcniNa  eablt  r-taqes  or  dbvblofment. 
(From  QuaiD'! 
A.  and  B.    Ffont  and  side  view  of  an  o 

about  thirteen  dB7B.    «.  embiyonio  area, 

G.  An  ovum  of  about  four  or  five  weeks  ahewing  the  gaaeial  etrnctnre  at  the  ovtun 
before  the  formation  of  the  plaoeuta.  Part  of  the  nim  of  Che  ovum  ia  removed  to  shew 
the  embryo  in  (I'tu.    (After  Allen  Thomaon.) 

adjoining  the  uterine  wall  was  a  darker  area  (e)  formed  of  two  layeni  of 
cells,  which  is  interpreted  by  Reichert  as  the  embryonic  area,  while  the 
membrane  forming  the  remainder  of  the  ovum,  including  the  branched 
villi,  van  stated  by  Reichert  to  be  com^iosed  of  a  single  row  of  epithelial 

Whether  or  no  Reichert  is  correct  in  identifying  his  darker  spot 
as  the  embryonic  area,  it  is  fairly  certain  from  the  later  observations  of 
Beigel  and  Lowe  (No.  228),  Ahlfeld  (No.  227),  and  Kollmann  (Na  134)  on 
ova  nearly  as  young  as  that  of  Reichert,  that  the  wall  of  very  young  ova 
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has  a  more  complicated  structure  than  Reichert  is  willing  to  admit    These 
authors  do  not  however  agree  amongst  themseiseB,  but  from  Kollmaim'a 


Fia.  166.     Thrke  eablt  hdmin  kmbrios.     (Copied  trom  Hia.) 

A.  An  earl;  embryo  deeoribed  b;  Hit  &om  the  ride,  am,  amuioa ;  urn.  nuibilicat 
vesiole ;  c)u  chorioa,  to  frhich  the  embryo  is  atlscbed  b;  a  etalk. 

B.  Embryo  described  by  Allen  Thomson  abont  12—14  daya.  um.  ambilical 
veaiole;  md.  mednllary  groOTe. 

C.  Young  embiyo  deecrihed  by  Hifi.    vin.  nmbilical  Teaiole. 

description,  which  appears  to  me  the  most  satisfactory,  it  is  probable  that  it 
is  composed  of  an  outer  epithelial  layer,  and  an  inner  layer  of  connective 
tissue,  and  that  the  connective  tissue  extends  at  a  very  early  period  into 
the  villi ;  so  that  the  latter  are  not  hollow,  as  Kelchert  supposed  them 

The  villi,  which  at  first  leave  the  flattened  poles  free,  seem  soon  to 
extend  first  over  one  of  the  flat  sides,  and  finally  over  the  whole  o\'um 
(fig.  164  C). 

Unless  the  two-layered  region  of  £eichert's  ovum  is  the  embryonic 
area,  nothing  which  can  clearly  be  identiSed  as  an  embryo  ha«  been 
detected  in  these  early  ova.  In  an  ovum  described  by  Breus  (No.  228), 
and  in  one  described  long  ago  by  Wharton-Jones  a  mass  found  in  the 
interior  of  the  egg  may  perhaps  be  interpreted  (His)  as  tlie  remains  of  the 
yolk.  It  is,  however,  very  probable  that  all  the  early  ova  so  far  discovered 
are  more  or  less  pathologicfj. 

The  youngest  ovum  with  a  distinct  embryo  is  one  described  by  His 
(Nri.  232).  This  ovum,  which  is  diagram  ma  tically  represent«d  in  fig. 
168  in  longitudinal  section,  had  the  form  of  an  oval  vesicle  completely 
covered  by  villi,  and  abont  8-5  mm.  and  5*5  mm.  in  its  two  diameters,  and 
flatter  on  one  side  than  on  the  other.  An  embryo  with  a  j'olk-sack  was 
attached  to  the  inner  side  of  the  flatter  wall  of  the  vesicle  by  a  stalk, 
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which  must  be  r^anled  as  the  allantoic  stalk',  aud  the  embryo  aod  yolk- 
sack  filled  up  but  a  very  small  part  of  the  whole  cavity  of  the  vesicle. 

The  embryo,  wliich  was  prubably  not  quite  nonual  (fig.  16d  A),  was 
very  imperfectly  developed ;  a  medullary  plate  was  hardly  mdicat«d,  and, 
though  the  mesoblast  was  uimegmented,  the  head  fold,  separating  the 
embryo  from  the  yolk-sack  (um),  was  already  indicated  The  amnion  (am) 
was  completely  formed,  and  vitelline  vessels  had  made  their  appearance. 

Two  embryos  described  by  Allen  Thomson  (No.  239)  are  but  slightly 
older  than  the  above  embrjoa  of  His.  Both  of  them  probably  belong  to 
the  first  fortnight  of  pregnancy.  In  both  cases  the  embryo  was  more  or 
less  folded  off  from  the  yolk-sack,  and  in  one  of  them  the  medullary  groove 
was  still  widely  open,  except  in  the  region  of  the  neck  (fig.  165  B).  The 
allantoic  stalk,  if  present,  was  not  clearly  made  out,  and  the  condition 
of  the  amnion  was  also  not  fully  studied.  The  smaller  of  the  two  ova  was 
just  6  mm.  in  its  largest  diameter,  and  was  nearly  completely  covered 
with  simple  villi,  more  develojied  on  one  side  than  on  the  other. 

In  a  somewhat  later  period,  about  the  stage  of  a  chick  at  the  end  of  the 
second  day,  the  medullary  folds  are  completely  closed,  the  region  of  the 
brain  already  marked,  and  the  cranial  flexure  commencing.  The  mesoblast 
is  divided  up  into  numerous  somites,  and  the  mandibular  and  firxt  two 
branchial  arches  are  indicated.  The  embryo  is  still  but  incompletely  folded 
off  from  the  yolk-sack  below. 

Id  a  still  older  stage  the  cranial  flexure  becomes  still  more  pronounced, 
placing  the  mid'brain  at  the  end  of  the  long  axis  of  the  body.  The  body 
also  begins  to  be  ventrally  curved  (fig.  165  C). 

Externally  human  embryos  at  this  age  are  characterized  by  the  small 
size  of  the  anterior  end  of  the  head. 

The  flexure  goes  on  gradually  increasing,  and  in  the  third  week  of 
pre^foancy  ia  embryos  of  about  4  mm.  the  limbs  make  their  appearance. 

all  ;  -'"' 


Fio.  166.     Two  VIEWS  or  a  hdman  bmbbvc 

A.  Sideview.  (From  KOIliker;  after  Allen  Thoroaon.)  a.  amnion;  i>.  nmbilical 
Teoicle;  c.  maDdibnlar  oich ;  e.  byoidardi ;  /,  cannnencing  anterior  limb;  g.  primitive 
auditory  vesicle ;  A.  eye;  t.  heart. 

B.  Dorsal  view  to  shew  the  attachment  of  the  dilated  allantoio  stalk  to  the 
chorion.   (Fromasketch  b; Allen  Thomson.)   am.  amnion;  a[f.  alisntoia;  yf.jolk.saok. 

'  Allen  Thomson  informa  me  that  he  is  very  confident  that  sneh  a  form  of  attach- 
ment between  the  hind  end  o(  the  embryo  and  the  wall  of  the  veaiele,  as  that  described 
and  fignied  by  His  in  this  embryo,  did  not  ellRt  in  any  ol  the  younger  embryos 
examined  by  him. 
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The  embryo  at  tliis  stage  (fig.  166),  which  is  about  uquivalent  to  tliat  of  a 
chick  on  the  fourth  day,  reaemblea  in  almoitt  every  re8]>ect  the  normal 
embryos  of  the  Amniota.  The  cranial  flexure  is  as  pronoimcod  as  uauul, 
and  the  cerebral  region  has  now  fully  the  normal  size.  The  whole  body 
aoou  becomes  fle:(ed  ventrally,  and  also  somewhat  spirslly.  The  yolk- 
sack  (b)  forms  a  small  spherical  Hppendage  with  a  long  wide  stalk,  and  the 
embryo  (B)  is  attached  by  an  allantoic  atalk  with  a  slight  swelling  {all), 
probably  indicating  the  jireeence  of  a  small  hypoblastic  diverticulum,  to 
the  inner  face  of  the  chorion. 

A  remarkable  exception  to  the  embryos  generally  observed  is  afforded 
by  an  embryo  which  has  been  described  by  Krause  (No,  235).  In  this 
embryo,  which  probably  belongs  to  the  third  week  of  pregnancy,  the  limbs 
were  Just  commencuig  to  be  indicated,  and  the  embryo  waa  completely 
covered  by  an  amnion,  but  instead  of  being  attached  to  the  chorion  by  an 
allantoic  cord,  it  was  (]iiite  free,  and  was  provided  w.ith  a  small  spherical 
sack-like  allantois,  vriy  similar  to  that  of  a  fourth-day  chick,  projected 
from  its  hind  end.  ~" 


Fio.  IGT.    FiociiEs  Bi 

HEAD.    (From  Quain'B  ^natDmy.  ] 

A.  Head  of  an  embryo  of  about  four  weeks.    (After  AU«n  Ihomsou.} 

B.  Head  of  an  embryo  of  abonl  six  weeks.     {After  Eoker.) 

C.  Head  of  an  emblyo  of  aboat  aine  weeks. 

1.  mandibular  Bich ;  1'.  penislent  pert  of  byomandibolar  cleft ;  a.  aaditoiir  Tesiole. 

No  details  ai-e  given  as  to  the  structure  of  the  chorion  or  the  presence 
of  villi  upon  it.  The  presence  of  such  an  allantois  at  this  stage  in  a 
human  embryo  is  bo  unlike  what  is  usually  found  tliat  Krause's  statements 
have  been  received  with  considerable  scepticism.  His  even  holds  that  the 
emhryo  is  a  chick  embryo,  and  not  a  human  one;  while  Eolliker  regards 
£.raiise'H  allantois  as  a  pathological  structure.  The  significance  to  be 
attached  to  this  embryo  is  dealt  with  below. 

A  detailed  history  of  the  further  development  of  the  human  embryo 
does  not  fall  within  the  province  of  this  work ;  while  the  later  changes  in 
the  embryonic  membranes  have  already  been  dealt  with  (pp.  202 — 205), 

For  the  changes  which  take  place  on  the  formation  of  the  face  I  may 
refer  the  reader  to  fig.  167, 

The  most  obscure  point  connectefl  with  the  early  history  of  the  human 
ovum  concerns  the  first  formation  of  the  allantois,  and  the  nature  of  the  villi 


,dfeyC00gIe 


MAMMALIA. 


2-25 


oovfiring  the  surface  of  the  ovum.  The  villi,  if  reall;  formed  of  meaoblast 
covered  by  epiblast,  have  the  true  structure  of  chorionic  villi;  and  can 
hardly  be  compared  to  the  early  villi  of  the  dog  which  are  derived  from 
the  sabional  membrane,  and  atill  less  to  those  of  the  rabbit  formed  from 
the  Eona  radiata. 

Unless  all  the  early  ova  bo  far  described  are  pathological,  it  seems  to 
follow  that  the  mesoblaat  of  the  chorion  is  formed  before  the  embryo  is 
definitely  established,  and  even  if  the  pathological  character  of  these  ova 
is  admitted,  it  is  nevertheless  probable  (leaving  Rrause's  embryo  out  of 
acooant),  as  shewn  by  the  early  embryos  of  Allen  Thomson  and  His,  Uiat 
it  is  formed  before  the  closure  of  the  mednllary  groove.  In  order  to  meet 
this  difficulty  His  supposes  tliat  the  embryo  never  separates  from  the 
blsstodermic  vesicle,  but  that  the  allan- 
toic stalk  of  the  youngest  embryo  (fig. 
166)  represents  the  persistent  attachment 
between  the  two*.  His'  view  has  a  good 
deal  to  be  said  for  it.  I  would  venture, 
however,  to  suggest  that  Reichert's  em- 
bryonic area  is  probably  not  in  the  two- 
layered  stage,  but  that  a  meaoblast  has 
already  become  established,  and  that  it 
haa  grown  round  the  inner  faoe  of  the 
blastodermic  vesicle  from  the  (apparent) 
posterior  end  of  the  primitive  streak. 
This  growth  I  r^ard  as  a  precocious 
formation  of  the  me»oblasl  of  the  aUanioie 
— an  exaggeration  of  the  early  formation 
of  the  allantoic  meaoblast  which  is  cha- 
racteristic of  the  Ouinea-pig   (vide  p.   21 

with  the  epiblast,  forms  it  true  chorion,  so  that  in  fig.  168,  and  probably 
also  in  fig.  164  A  and  B,  a  true  chorion  bos  already  become  established. 
The  stalk  connecting  the  embryo  with  the  chorion  in  His'  eariiest  embryo 
(fig.  168)  is  therefore  a  true  allantoic  stalk  into  which  the  hypobtaatic 
allantoic  diverticulum  grows  in  for  some  distance.  How  the  yolk-aack 
(umbilical  vesicle)  is  formed  is  not  clear.  Perhaps,  as  suggested  by  His, 
it  arises  ii-om  the  conversion  of  a  solid  mass  of  primitive  hypoblast  directly 
into  a  yolk-sack.  The  amnion  is  probably  formed  as  a  fold  over  the  head 
end  of  the  embryo  in  the  manner  indicated  in  His'  diagram  (fig.  168  Am). 

These  speculations  have  so  far  left  Rrause's  embryo  cut  of  account 
How  is  this  embryo  to  be  treated  1  Krause  maintains  that  alt  the  other 
embryos  shewing  an  allantoic  stalk  at  an  early  age  are  pathological.  This, 
though  not  impossible,  appears  to  me,  to  say  the  least  of  it,  improbable ; 
eapecially  when  it  is  borne  in  mind  that  embryos,  which  have  every  ap- 
pearance of  being  normal,  of  about  the  same  age  and  younger  than 
Kranse's,  have  been  frequently  obser\-ed,  and  have  always  been  found 
attached  to  the  chorion  by  an  allantoic  stalk. 

We  ore  thus  provisionally  reduced  to  suppose  either  that  the  structure 
figured  by  Erause  is  not  the  ollantois,  or  that  it  is  a  very  abnormal 
aUantois,     It   is   perhaps  just   possible  that  it  may  he  an   abnormally 


This  mesoblast,  together 
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developed  hypobliiatio  Tesicle  of  the  altantois  ortificially  det&ched  from 
the  meaoblastic  lajcr,— the  latt«r  having  giveu  rise  to  the  chorion  at  an 
earlier  date. 
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CHAPTER  XI. 

COMPARISON  OF  THE  FORMATION  OF  THE  GERMINAL 
LAYERS  AND  OF  THE  EARLY  STAGES  IN  THE 
DEVELOPMENT  OF  VERTEBRATES. 


Although  the  precediag  chapters  of  this  volume  contain  a  fairly 
detailed  account  of  the  eariy  developmental  stf^es  of  different  groups 
of  the  Chordata,  it  will  Devertheless  be  advantageous  to  give  at 
this  place  a  short  comparative  review  of  the  whole  eubject. 

In  this  review  only  the  most  important  points  will  be  dwelt  upon, 
and  the  reader  is  referred  for  the  details  of  the  procesBes  to  the 
sections  on  the  development  of  the  individual  groups. 

The  subject  may  conveniently  be  treated  under  three  heads. 

(1)  The  formation  of  the  gastrula  and  behaviour  of  the  blastopore  : 
together  with  the  origin  of  the  hypoblast, 

(2)  The  mesoblast  and  notochord. 

(3)  The  epiblast. 

At  the  close  of  the  chapter  is  a  short  summary  of  the  organs 
derived  from  the  several  layers,  together  with  some  remarks  on  the 
growth  in  length  of  the  vertebrate  embryo,  and  some  suggestions  as 
to  the  origin  of  the  allantois  and  amnion. 

Fomatioit  of  ths  ^astntla.  Amphioxus  is  the  type  in  which 
the  developmental  phenomena  are  least  interfered  with  by  the 
presence  of  food-yolk. 

In  this  form  the  s^mentatiou  results  in  a  uniform,  or  nearly 
uniform,  blastosphere,  one  wall  of  which  soon  becomes  thickened  and 
iuvaginated,  giving  rise  to  the  hypoblQ,3t;  while  the  larva  takes  the 
form  of  a  gastnila,  with  an  archenteric  cavity  opening  by  a  blasto- 
pore. The  blastopore  rapidly  narrows,  white  the  embryo  assumes  an 
elongated  cylindrical  form  with  the  blastopore  at  its  hinder  extremity 
(fig.  169  A).  The  blastopore  now  passes  to  the  dorsal  sur&ce,  and  by 
the  flattening  of  this  surface  a  medullary  plate  is  formed  extending 
forwards  from  the  blastopore  (fig.  169  fi).  On  the  formation  of 
the  medullary  groove  and  its  conversion  into  a  canal,  the  blastopore 
opens  into  this  canal,  and  gives  rise  to  a  neurenteric  passage,  leading 
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from  the  neural  caoal  into  the  alimentary  tract  (fig.  160  C  and  E). 


D 


i/9^^ 


Fill.  1G9.     Ehbrtoh  of  Ahphioiub.    (After  Koiroteveky.) 
The  parts  in  block  witb  white  liaee  am  epiblostio ;  the  shaded  parts  are  b^rpoblastic 

A.  Qastmla  stage  in  optical  neotion. 

B.  -Slightly  later  stage  after  the  Denral  plate  up  has  beeom«  differentiated,  seen  as 
a  transparent  object  from  the  dorsal  side. 

C.  Lateral  view  of  a  glightlj  older  larra  in  optical  section. 

D.  Dorsal  vieir  of  an  older  larva  vith  the  neural  canal  oompletelj  dosed  except 
for  a  small  pore  (no)  in  front. 

E.  Older  larva  seen  aa  a  tranapBTent  object  froin  the  aide. 

M.  blastopore  (vhicb  becomeB  in  D  the  nenrentcrie  canal);  ne.  nenrenteric  eanal; 
n/f.  nearal  or  medullar?  plate;  710.  anterior  opening  of  neural  canal ;  cA.  notochord; 
to',  (o".  first  and  eecond  meeoblastie  somites. 

At  a  later  period  this  caual  closes,  and  the  neural  and  alimentary 
canals  become  separated. 

Such  is  the  simple  history  of  the  layers  in  Amphioxus.  lu  the 
simplest  types  of  Ascidiaus  the  series  of  phenomenti  is  almost  tho 
same,  but  the  blastopore  assumes  a  more  definitely  dorsal  position. 

Here  also  the  blastopore  lies  at  the  hinder  end  of  the  medullary 
groove,  and  on  the  closure  of  the  groove  becomes  converted  into  a 
neureoteric  passive. 

In  the  true  Vertebrates  the  types  which  moat  approach  Amphio:tu8 
are  the  Amphibia,  Aeipenser  and  Petromyzon.  We  may  take  the 
first  of  these  as  typical  (though  Petromyzon  is  perhaps  still  more  so) 
and  fig.  170  A  B  C  D  represents  four  di^ramniatic  longitudinal 
vertical  sections  through  a  form  belonging  to  this  group  (Bombinator). 
The  food-yolk  is  here  concentrated  in  what  I  shall  call  the  lower  pole 
of  the  egg,  which  becomes  the  ventral  aspect  of  the  future  embryo. 
The  part  of  the  egg  containing  the  stored-up  food-yolk  is,  as  has  already 
been  explained  in  the  chapter  on  segmentation  (Vol.  i.  pp.  77  and  78), 
to  be  regarded  as  equivalent  to  part  ot  those  eggs  which  <lo  not  contain 
food-yolk;  a  fact  which  requires  to  be  borne  io  mind  in  any  attempt 
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to  deal  comparatively  witli  the  formatioQ  of  the  layers  in  the  Verte- 
brata.  It  may  be  laid  down  es  a  general  law,  which  holds  very 
accurately  for  the  Vertebrata,  that  in  eggs  in  which  the  distribution  of 
food-yolk  ifi  not  uniform,  the  size  of  the  cell»)  resulting  from  segmen- 
tation is  proportional  to  the  quantity  of  food-material  they  contain. 
In  accordance  with  this  law  the  cells  of  tlie  Amphibian  ovum  are  of 
unequal  size  even  at  the  close  of  segmentation.  They  may  roughly 
he  divided  into  two  categories,  viz.  the  smaller  cells  of  the  upper 
pole  and  the  larger  of  the  lower  (fig.  170  A).  The  segmentation 
cavity  {sg)  lies  between  the  two,  but  is  iinsym  metrically  placed  near 
the  upper  pole  of  the  egg,  owing  to  the  large  bulk  of  the  ventrally 
placed  yolk -segments.  In  the  inequality  of  the  cells  at  the  close  of 
segmentation  the  Amphibia  stand  in  contrast  with  Amphioxua     The 


Via.     170.       DliLOBlHIUTIO     LONQITUDINU.    EECnONB    IQBODOH    THE    BMBBYO   OF   BflH- 

from  G6lte.) 

tp.  epiblaat;  n>.  dorsal  raesoblMt;  m'.  ventral  mesoblost;  hg.  hypoblast;  yk,  yolk; 
X.  poiDt  of  junction  of  tbe  epiblut  and  hypoblast  al  llie  doraal  Bide  of  tbe  blutopore ; 
at.  moBenteron:  tg.  ugnientatioQ  oavit;. 
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upper  cells  are  mainly  destined  to  forni  the  epiblast,  and  the  lower 
the  hypoblast  and  inesoblast. 

The  nest  change  which  takes  place  is  an  invagination,  the  earliest 
traces  of  which  are  observable  in  fig.  170  A.  The  invagination  is  not 
however  so  simple  as  in  Amphioxus.  Owing  in  fact  to  the  presence 
of  the  food-yolk  it  is  a  mixture  of  invagination  by  epibole  and  by 
em  bole. 

At  the  point  marked  x  in  fig.  170  A,  which  corresponds  with  the 
future  hind  end  of  the  embryo,  and  is  placed  on  the  equatorial  line 
marking  the  JuoctioQ  of  the  large  and  small  cells,  there  takes  place 
a  normal  invagination,  which  gives  rise  solely  to  the  hypoblast  of 
the  dorsal  wall  of  the  alimentary  tract  and  to  part  of  the  dorsal  meao- 
blast.  The  invaginated  layer  grows  inwarda  from  the  point  x  along 
what  becomes  the  dorsal  side  of  the  embryo ;  and  between  it  and  the 
yolk-cella  below  is  formed  a  slit-like  space  (fig.  170  B  and  C).  This 
space  is  the  mesenteron.  It  is  even  better  shewn  in  fig.  171  re- 
presenting the  process  of  invagination  in  Petromyzun.  The  point  x  in 
fig.  170  where  epiblast,  mesoblast  and  hypoblast  are  continuous,  is 
homologous  with  the  dorsal  lip  of  the  blastopore  in  Amphioxus.  In 
the  course  of  the  invagination  the  segmentation  cavity,  as  in  Amphi- 
oxus, becomes  obliterated. 

While  the  above  inv^nation  ha-S  been  taking  place,  the  epiblast 
cells  have  been  simply  growing  in  an  epibolic  fashion  round  the  yolk ; 
and  by  the  stf^e  represented  m  fig.  170  C  and  D  the  exposed  surface 
of  yolk  has  become  greatly  diminished ;  and  an  obvious  blastopore  is 
thus  established.  Along  the  line  of  the  growth  a  layer  of  mesoblast 
cells  (»«'),  contiimous  at  the  sides  with  the  invaginated  mesoblast  layer, 
has  become  differentiated  from  the  small  cells  (fig.  170  A)  intermediate 
between  the  epiblast  cells  and  the  yolk. 

Owing  to  the  nature  of  the  above  process  of  inv^nation  the 
meaenteron  ia  at  first  only  provided  witn  an  epithelial  wall  on  its 
dorsal  side,  its  ventral  wall  being  formed  of  yolk-cells  (fig.  170).  At 
a  later  period  some  of  the  yolk-cella  become  transformed  into  the  epi- 
thelial ceUa  of  the  ventral  wall,  while  the  remainder  become  enclosed 
in  the  alimentary  cavity  and  employed  as  pabulum.  The  whole  of 
the  yolk-cella,  after  the  separation  of  the  mesoblast,  are  however 
morphologically  part  of  the  hypoblast. 

The  final  fate  of  the  blastopore  is  nearly  the  same  aa  in  Amphi- 
oxna.  It  gmdually  narrows,  and  the  yolk-cells  which  at  first  plug  it 
up  disappear  (fig,  170  C  and  D).  The  neural  groove,  which  becomes 
formed  on  the  dorsal  surface  of  the  embryo,  is  continued  forwards 
from  the  point  x  in  fig.  170  C.  On  the  conversion  of  this  groove 
into  a  canal  the  canal  freely  opens  behind  into  the  blastopore ; 
and  a  condition  is  reached  in  which  the  blastopore  still  opens  to 
the  exterior  and  also  ioto  the  neural  canal  fig.  170  D.  In  a 
Uter  stage  (fig.  172)  the  external  opening  of  the  blastopore  becomes 
closed  by  the  medullary  folds  meeting  behind  it,  but  the  passage 
connecting  the  neural  and  alimentary  canals  is  left.   There  ia  one 
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small  difference  between  the  Frog  aod  Amphioxiis  in  the  relation 
of  the  neural  canal  to  the  blastopore.     In  both  t;pe3  the  medullary 
folds  embrace  and  meet  behind 
it,  80   that  it   comes   to   oc- 
cupy a  position  at   the   hiud 
extremity    of    the     medullary  m 

groove.  In  Amphioxus  the 
closure  of  the  medullury  folds 
commences  behind,  bo  that  the  it 

external  opening  of  the  blas- 
topore is  obliterated  simul- 
taneously with  the  commeuc-  y^- 
ing  formation  oCthe  medullary 
caual ;  but  in  the  Frog  the 
closure  of  the  medullary  folds 
commences  anteriorly  and  pro- 
ceeds backwards,  so  that  the 
obliteration   of    the    external 

opening  of  the  blastopore  is  a  „,.  mesoblsBt;  y*.  yolk-oelU;   al.  ftUmen- 

late  event  in  the  formation  of     tarr  tract;  bl.  blastopore;  i.e.  8egiDeiitat[oii 
the  medullary  canal.  oaTity. 

The  anus  is  formed  {vide  fi^.  172)  some  way  in  front  of  the 
blastopore,  and  a  post-anal  gut,  continuous  with  the  neurenteric  canal, 
is  thus  established. 
Both  the  post-anal  gut 
and  the  neurenteric 
canal  eventually  dis- 
appear, fin 

The  two  other  types 
classed  above  with  the 
Amphibia,  viz.  Petro- 

myzon  and  Acipenser,  \, 

agree  sufficiently  close- 
ly with  them  to  require 
no  special  mention ;  but 
with  reference  to  both 
types  it  may  be  pointed 
out  that  the  ovum  con- 
tains relatively 
food-yolk  than  that  of 
the  Amphibian  type  just  described,  and  that  this  leads  amongst  other 
things  to  the  lower  layer  cells  extending  up  the  sides  of  the  segmen- 
tation cavity,  and  assisting  in  forming  its  roof. 

The  next  type  to  be  considered  is  that  of  Elaamobranchii.  Tbe 
yolk  in  the  ovum  of  these  forms  is  enormously  bulky,  and  the  seg- 
mentation is  in  consequence  a  partial  one.  At  first  sight  the 
differences  between  their  development  and  that  of  Amphibia  would 
appear  to  be  very   great.     In  order  fully  to   bridge   over  the  gulf 


FlO.    172.       LONUITUDBIAI.   HEC1 

:cep  KHBKTO  OF  BOMBIMATOB.      (After  G6tl«.) 
m.  moatli;.an.  anns;  I.  liTer;  tie.  nenrentsrio canal ; 
me.  medulUrj  canal;  eh.  notochord;  pn.  piueal  uland. 
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which  separates  theni  I  have  given  three  dii^mmmatic  longituilinal 
aections  of  an  ideal  form  intermediate  between  Amphibia  and  Elasmo- 
■branchii,  which  differs  however  mainly  from  the  latter  in  the  smaller 
amount  of  food-yolk;  and  by  their  aid  I  trust  it  will  be  made 
clear  that  the  differences  between  the  Amphibia  and  Elasmobranchii 
are  of  an  insignificant  character,  In  fig.  174  AB  O  are  represented 
three  diagrammatic  longitudinal  sections  of  Elasmobranch  embrj'os, 
and  in  fig.  173  ABC  three  longitudinal  sections  of  the  ideal  inter-  - 
mediate  form.  The  diagrams  correspond  with  the  Amphibian  dia- 
grams already  described  (fig.  170).  In  the  first  stage  figured  there  is  '' 
present  in  all  of  these  forms  a  segmentation  cavity  {sg)  situated  not 
centrally  but  near  the  surface  of  the  egg.  The  roof  of  the  cavity  is 
tbin,  being  composed  in  the  Amphibian  embryo  of  epiblast  alone,  and 
in  the  Ela«mobranch  of  epiblast  and  lovier  layer  cells.  The  floor  of 
the  cavity  is  formed  of  so-called  yolk,  which  forms  the  main  mass  of 
the  embryo.  In  Amphibia  the  yolk  is  segmented.  In  Elasmobranchii 
there  is  at  first  a  layer  of  primitive  hypoblast  cells  separating  the  seg- 
mentation cavity  from  the  yolk  proper;  this  however  soon  disappears, 
and  an  unsegmented  yolk  with  free  nuclei  fills  the  place  of  the  seg- 
mented yolk  of  the  Amphibia.  The  small  cells  at  the  sides  of  the 
BegmentatloQ  cavity  in  Amphibia  correspond  exactly  in  function  and 
position  with  the  lower  layer  cells  pf  the  Elasmobranch  blastoderm. 

The  relation  of  the  yolk  to  the  blastoderm  in  the  Elasmobranch 
embryo  at  this  stage  of  development  very  well  suits  the  view  of  its 
homology  with  the  yolk-cells  of  the  Amphibian  embryo.  The  only 
essential  difference  between  the  two  embryos  arises  from  the  roof  of 
the  segmentation  cavity  being  formed  in  the  Elasmobranch  embryo  of 
lower  layer  cells,  which  are  absent  in  the  Amphibian  embryo.  This 
difference  no  doubt  depends  upon  the  greater  quantity  of  yolk 
in  the  Elasmobranch  ovum,  and  a  similar  distribution  of  the  lower 
layer  cells  is  found  in  Acipenser  and  in  Petromyzon. 

In  the  next  stage  for  the  Elasmobranch  (fig.  173  and  174  B)  and 
for  the  Amphibian  (fig.  170  C)  or  better  siill  Petromyzon  (fig.  171) 
the  agreement  between  the  three  types  is  ^ain  very  close.  For 
a  small  arc  [x)  of  the  edge  of  the  blastoderm  the  epiblast  and 
hypoblast  become  continuous,  while  at  all  other  parts  the  epiblast, 
accompanied  by  lower  layer  cells,  grows  round  the  yolk  or  round  the 
large  cells  which  correspond  to  it.  The  yolk-cells  of  the  Amphibian 
embryo  form  a  comparatively  small  mass,  and  are  therefore  rapidly 
enveloped ;  while  in  the  case  of  the  Elasmobranch  embryo,  owing  to 
the  greater  mass  of  the  yolk,  the  same  process  occupies  a  long  period. 
The  portion  of  the  blastoderm,  where  epiblast  and  hypoblast  become 
continuous,  forms  the  dorsal  lip  of  an  opening — the  blastopore — 
which  leads  into  the  aliineotary  cavity.  This  cavity  has  the  same 
relation  in  all  the  three  cases.  It  is  lined  dorsally  by  lower  layer 
cells,  and  ventrally  by  yolk-cells  or  what  corresponds  with  yolk-cells ; 
a  large  part  of  the  ventral  epithelium  of  the  alimentaiy  canal  being 
in  both  cases  eventually  deiived  from  the  yolk.     In  Amphibia  this 
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epithelium  is  formed  directly  from  the  existing  cells,  while  in  Elasmo- 
branchii  it  is  derived  from  cells  formed  orouod  the  nuclei  of  the  yolk. 


Fio.  na.    Th 

BBTWEBM  AjIpniBIi    OB    PeTKOMTZON    AND    ELiBKOBBAKCHJI. 

tg.  neiiiinentation  aavity ;  ep.  epiblaat;  m.  tnesoblaat;  hy.  hypoblast;  nc.  ueoral 
ntual;    ai.  meBenteron;    n.  onclei  of  the  yolk. 

As  in  the  earlier  stage,  so  in  the  present  one,  the  anatomical 
relations  of  the  yolk  to  the  blastoderm  in  the  one  case  (Etasmo- 
branch!!)  are  nearly  identical  with  those  of  the  yolk-cells  to  the 
blastoderm  in  the  other  (Amphibia), 

The  main  features  in  which  the  two  embryos  differ,  during  the 
stage  under  consideration,  arise  from  the  same  cause  as  the  solitary 
point  of  difference  during  the  preceding  stage. 

In  Amphibia  the  alimentary  cavity  is  formed  coincidently  with  a 
true  ingrowth  of  cells  from  the  point  where  epiblast  and  hypoblast 
become  continuous;  and  from  this  ingrowth  the  dorsal  wall  of  the 
alimentary  cavity  is  formed.  The  same  ingrowth  causes  the  oblitera- 
tion of  the  segmentation  cavity. 
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In  EUemobrancIig,  owing  probably  to  the  lai^r  bulk  of  Uie  lower 
layer  cells,  the  primitiTe  hypoblast  cella  arrange  themselves  in  their 
final  position  during  segmentation,  and  no  room  is  left  for  a  true 
invagination ;  but  instead  of  thia  there  is  formed  a  eimple  space 
between  the  blastoderm  aiid  the  yolk.  The  homology  of  this  space 
with  tbe  primitive  invagination  cavity  is  nevertheless  proved  by  the 
survival  of  a  number  of  features  belonging  to  the  ancestral  condition 
in  which  a  true  invf^ination  was  present.  Amongst  the  more  im- 
portant of  these  are  the  following  :^(1)  The  continuity  of  epiblast 
and  hypoblast  at  the  dorsal  lip  of  the  blastopore.  (2)  The  continuous 
conversion  of  primitive  hypoblast  cells  into  permanent  hypoblast, 
which  gradually  extends  inwards  towards  the  segmentation  cavity, 
and  exactly  represents  the  course  of  the  invagination  whereby  in 
Amphibia  tbe  dorsal  wall  of  the  alimentary  cavity  is  formed.  (3)  The 
obliteration  of  the  segmentation  cavity  during  the  period  when  the 
pseudo-invagination  is  occurring. 

In  tbe  next  stt^  there  appear  more  important  differences  be- 
tween  the  two  types  than  in  the-preceding  stages,  though  here  again 
the  points  of  resemblance  predominate. 

Figs.  170  D  and  174  C  represent  longitudinal  sections  through 
embryos  after  the  closure  of  the  medullary  canal.  The  neurentenc 
canal  is  estAbiisbed ;  and  in  front  and  behind  tbe  epithelium  of  the 
ventral  wall  of  the  meaenteron  has  begun  to  be  formed. 

The  mesoblast  is  represented  as  having  grown  in  between  the 
medullary  canal  and  the  superjacent  epiblast 

There  are  at  this  stage  two  points  in  which  the  embryo  Elasmo- 
branch  differs  from  tbe  corresponding  Amphibian  embtyo.  (1)  In 
the  formation  of  the  neurenteric  canal,  there  is  no  free  passive  leading 
into  the  mesenteron  ^m  the  exterior  as  in  Amphibia  (fig.  170  D). 
(2)  The  whole  yolk  is  not  enclosed  by  the  epiblast,  and  therefore 
pajt  of  the  blastopore  is  still  open. 

The  difference  between  Amphibia  and  Etasmobranchli  in  tbe  first 
of  these  points  is  due  to  the  fact  that  in  Elasmobranchii,  as  in 
Amphioxus,  the  neural  canal  becomes  first  closed  behind ;  and  simul- 
taneously with  its  closure  the  lateral  parts  of  the  lips  of  the  blasto- 
pore, which  are  continuous  with  the  medullary  folds,  meet  together 
and  shut  in  the  hindmost  part  of  the  alimentary  tract. 

The  second  point  is  of  some  importance  for  understanding  the 
relations  of  the  formation  of  the  layers  in  tbe  amniotic  and  the  non- 
amniotic  Vertebrates.  Owing  to  its  large  size  the  whole  of  the  yolk 
in  Elasmobranchii  is  not  enclosed  by  the  epiblast  at  the  time  when 
tbe  neurenteric  canal  is  established ;  in  other  words  a  small  pos- 
terior and  dorsal  portion  of  tbe  blastopore  is  shut  off  in  the  forma- 
tion of  the  neurenteric  canal.  The  remaining  ventral  portion  be- 
comes closed  at  a  later  period.  Its  closure  takes  place  in  a  linear 
fashion,  commencing  at  the  hind  end  of  the  embryo,  and  proceeding 
apparently  backwards ;  though,  as  this  part  eventually  becomes  folded 
in  to  form  the  ventral  wall  of  the  embryo,  the  closure  of  it  really 
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travels  forwanla.     The  process  causes  however  the  embryo  to  cease 
to  lie  at  the  edge  of  tbe  blaatodenn,  and  while  situated  at  some 


FiS.    171-        SlAOBXMlUTIC    IiOSOITUIOMAl,    HECTIONS    Or    An    EUBUOBKUICH    SmBKI. 

Sjiittut  witliont  Bhiuling.  Uttoblatt  black  with  de*r  ontlineg  (o  tbe  eelta.  LoHwr 
lafer  ctUt  and  hy^Nojt  wilb  nnple  shading. 

ep.  epibla«t;  ».  mMoblast;  oi.  alimentoi?  oavity;  tg.  Bagmentatian  eaiity ;  nc. 
nmnl  noal;  ch.  notoehord;  x.  point  vhere  epihlaat  and  h;pobl««t  become  continiuHia 
at  the  poaterior  end  of  the  emb^o ;  «.  oaotei  of  yolk. 

A.  Section  ol  jonng  bUetodemi,  with  tbe  e^meatatian  cavity  eneloMd  in  the  lower 
layer  odli  (prunitiTe  hypoblaet). 

B.  Older  blaetodenn  with  embryo  in  which  hypoblaet  and  mesoblast  are  diatinctlj 
lormed,  and  in  whioh  the  a!imeat»^  cavity  hal  appeared.  The  segmentatioi)  eavity  u 
■till  represaal«d.  thon^  by  this  Bt*«e  it  hai  in  reality  dinappeared. 

C.  Older  bUstodenn  with  embryo  in  wbioh  tbe  neatal  oanal  ii  formed,  and  ii 
oontinnons  posteriorly  with  the  alimentary  canaL  The  notoehord,  thongh  afaaded' 
like  mesoblait,  belongs  properly  to  tbe  hypoblast. 

distance  from  tbe  edge,  to  be  connected  with  it  by  a  linear  streak, 
representing  the  coalesced  lips  of  the  blastopore.  The  above  pro- 
cess is  diagram  ID  atically  represented  in  fig.  17o  B ;  while  as  it  actually 
occuis  it  is  shewn  in  bg.  30,  p.  52.  The  whole  closure  of  the  blasto- 
pore in  Elasmobranchii  is  altogether  unlike  what  takes  place  in 
Amphibia,  where  the  blastopore  remains  as  a  circular  opening  wbicli 
gradually  narrows  till  it  )iecomes  completely  enveloped  in  the 
medullary  folds  (fig.  175  A). 

On  the  formation  of  the  neurenteric  canal  the  body  of  tbe  emlHyo 
EUsmolHBQcb  becomes  gradually  folded  off  from  the  yolk,  whi^, 
owing  to  its  great  size,  forms  a  large  sack  appended  to  the  ventral 
side  of  the  body.     The  part  of  tbe  somatoplenre,  which  grows  round 
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it,  ia  to  be  regarded  as  a  modified  portion  of-  the  ventral  wall  of  tbe 
body.  The  apian chnopleu re  also  envelopes  it,  so  that,  morphologically 
speaking,  the  yolk  lies  within  the  mesenteron. 

TheTelenstei.ao  far  as  tbe  first  formation  of  the  layers  is  concerned, 
resemble  in  all  essential  features  the  Elasmobranchii,  but  the  neuren- 
teric  canal  is  apparently  not  developed  (?),  owing  to  the  obliteration 
of  the  neural  canal;  and  tbe  roof  of  the  segmentation  cavity  is  formed 
of  epiblast  only. 

In  tbe  preceding  pf^es  I  have  attempted  to  shew  that  the  Am- 
phibia, Acipenser,  Petromyzon,  tbe  Elasmobranchii  and  the  Teleostei 
agree  very  closely  in  the  mode  of  formation  of  the  gaatrula.  The 
unsymmetrical  gastrula  or  pseud o-gastni la  which  is  common  to  them 
all  is,  1  believe,  to  be  explained  by  the  form  of  the  vertebrate  body. 
In  Amphioxue,  where  the  small  amount  of  food-yolk  present  is  distri- 
buted uniformly,  there  is  no  reason  why  the  invf^nation  and  resulting 
gastrula  should  not  be  symmetrical.  In  true  Vertebrates,  where  more 
food-yolk  ia  present,  the  shape  and  structure  of  the  body  render  it 
necessary  for  the  food-yolk  to  be  stored  away  on  the  ventral  side  of 
the  alimentary  canal.  It  is  this  fact  which  causes  the  asymmetry  of 
the  gastrula,  since  it  is  not  possible  for  the  part  of  the  ovum,  which 
will  become  the  ventral  wall  of  the  alimentary  tract,  and  which  is 
loaded  with  -food-yolk,  to  be  invaginated  in  the  same  fashion  a^  the 
dorsal  wall. 

Saoropsida.  The  comparison  of  the  different  types  of  the  Ichthy- 
opaida  is  fairly  simple,  but  the  comparison  of  the  Sauropsida  with  the 
Ichthyopsidaisafar  more  difficult  matter.  In  all  the  Sauropsida  there 
is  a  lai^e  food-yolk,  and  the  segmentation  agrees  closely  with  that 
in  the  Elasmobranchii.  It  might  have  been  anticipated  that  the 
resemblance  would  continue  in  the  subsequent  development.  This 
however  is  far  from  being  tbe  case.  The  medullary  plate,  instead  of 
lying  at  the  edge  of  the  blastoderm,  lies  in  the  centre,  and  its  forma- 
tion is  preceded  by  that  of  a  peculiar  structure,  the  primitive  streak, 
which,  on  the  formation  of  the  medullary  plate,  is  found  to  lie  at  the 
hinder  end  of  the  latter  "ud  to  connect  it  with  the  edge  of  the  blasto- 
derm. 

The  possibility  of  a  comparison  between  the  Sauropsida  and 
tbe  Elasmobranchii  depends  upon  the  explanation  being  possible  of 
_^),-tbe  paattioa  of  the  embryo  near  the  centre  of  the  blastoderm, 
and  (2)  the  nature  of  the  primitive  streak. 

The  answers  to  these  two  questions  are,  according  to  my  view, 
intimately  bound  together. 

I  consider  that  the  embryos  of  the  Sauropsida  have  come  to  occupy 
a  central  position  in  the  blastoderm  owing  to  the  abbreviation  of  a  pro- 
cess simitar  to  that  by  which,  in  Elasmobranchii,  the  embryo  is  removed 
from  the  edge  of  the  blastoderm;  and  that  the  primitive  streak  repre- 
sents the  linear  streak  connecting  the  Elasmobranch  embryo  with  the 
edge  of  the  blastoderm  after  it  has  become  removed  from  its  previous 
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peripheral  position,  as  well  as  the  true  Deurenteric  part  of  the  E]as- 
mobraDch  blastopore. 


FlO.  175.      DUOKIUS  ILLDBTBATINa  THB  POSITIOK  OF 

OF  TBB  EMBBYO  TO  TRB  TOLK  IH  VitBlOHB  MKBOBLABTIC  VbRTSBBATE  OTA. 

A.  Tjpe  of  Frog.  B.  ElaBmobrftoch  type.  C.  Amoiotio  Vertebrate. 
mg.  iiiednllu7  plate;  ne.  nenrenterio  canal;  bl.  portion  of  blaatopoia  Bdjoining  the 
□earenteric  oatial.  In  B  this  part  at  the  blastopore  is  tormed  bj  the  edges  of  (be  blas- 
toderm meeting  and  forming  a  linear  streak  behind  the  embryo;  and  in  C  it  forms  the 
stmctnte  known  m  the  primitive  stieat.  yk.  part  of  the  ;olk  not  yet  euolosed  bji 
the  bUEtodemi. 

This  view  of  the  nature  of  the  primitive  streak,  which  is 
diagrammaticall^  illustrated  iu  fig.  175,  will  ^>e  rendered  more  clear 
by  a  brief  review  of  the  early  developtuentai  processes  in  the 
Situropsida. 

After  segmentation  the  blastoderm  becomes  divided,  as  in  Elasmo- 
branchii,  into  two  layers.  It  is  doubtful  whether  there  is  any  true 
representative  of  the  segmentation  cavity.  The  first  structure  to 
appear  in  the  blastoderiD  is  a  linear  streak  placed  at  the  hind  end  of 
the  blastoderm,  known  as  thii  primitive  streai  (fig?.  175  C,  bl  and  176 
pr).  At  the  front  end  of  the  primitive  streak  the  epiblast  and  hypo- 
blast become  contiouous,  just  as  they  do  at  the  dorsal  lip  of  the 
blastopore  in  Elasmobrancnii.  Continued  back  from  this  point  is  a 
streak  of  fused  mesobiast  and  epiblast  to  the  under  side  of  which  a 
linear  thin  layer  of  hypoblast  is  more  or  less  definitely  attached. 

A  further  structure,  best  developed  in  the  Lacertilia,  appears  in 
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the  form  of  a  circular  passive  perf<»«tiDg  the  blastoderm  at  the 
front  eod  of  the  primitiTe  streak  (fig.  176  ne).  This  passage  is 
bounded  aoteriorly  by  the  layer  of  cells  forming  the  continuation  of 
the  hypoblafib  into  the  epiblast. 

In  the  next  stage  the  medullary  plate  becomes  formed  in  front  of 
the  primitive  streak  (fig.  175  C),  and  the  medullary  folds  are  continued 
backwards  so  as  to  enclose  the  upper  opening  of  the  passage  through 
the  blastoderm.  On  the  closure  of  the  medullary  canal  (fig.  177)  this 
passage  leads  from  the  medullary  canal  into  the  alimeutaiy  tract,  and 
18  therefore  the  nenrenteric  canal ;  and  a  post-anal  gut  also  becomes 
formed.  The  latter  part  of  the  above  description  applies  especially  to 
the  Lizard :  but  in  Chelonia  and  most  Birds  distinct  remnants  {vide 
pp.  135  and  136)  of  the  neurenteric  canal  are  developed. 

On  the  hypothesis  that  the  Sauropsidan  embryos  have  come  to 
occupy  their  central  position,  owing  to  an  abbreviation  of  a  process 
analogous  to  the  linear  closing  of  the  blastopore  behind  the  embryos 
of  Elasmobrancliii,  all  the  appearances  above  described  receive  a  satis- 
factory explanation.  The  passage  at  the  front  end  of  the  primitive 
streak  is  the  dorsal  part  of  the  blastopore,  which  in  Elasmobranchii 
becomes  converted  into  the  neurenteric  canal.  The  remainder  of  the 
primitive  streak  represents,  in  a  rudimentary  form,  the  linear  streak  in 
Elasmobranchii,  fonned  by  the  coalesced  edges  of  the  blastoderm, 
which  connects  the  hinder  end  of  the  embryo  with  the  still  open  yolk 
blastopore.  That  it  is  in  later  stf^es  not  continued  to  the  edge  otthe 
blastoderm,  as  in  Elasmobranchii,  is  due  to  its  being  a  rudimentary 
organ.  The  more  or  less  complete  fusion  of  the  layers  in  the  primitive 
streak  is  simply  to  be  explained  by  this  structure  representing  the 
coalesced  edges  of  the  blastopore ;  and  the  growth  outwards  from  it 
of  the  mesoblast  is  probably  a  remnant  of  a  primitive  dorsal  in- 
vagination of  the  mesoblast  and  hypoblast  like  that  in  the  Frog. 


Fro.  176.       DlAQKAlIlUTIC   UIHOITUDINII.   BKCTIOH    or   ah    EUBHIO    of   LlCKBT^ 

pp.bod;.oaTity;  am.  Bnmian;  ne.  Deoieateria  ouial;  ch. nctoobord ;  hy.  hjpoUaiti 
tp.  Hiiblaat ;  pr.  primitiTe  streak.    In  the  piimitive  Etreok  all  the  tkyera  are  partimlly 

The  final  enclosure  of  the  yolk  in  the  Sauropsida  takes  place  at 
the  pole  of  the  yolk-sack  opposite  the  embryo,  so  that  the  blastopore 
is  formed  of  three  parts,  (1)  the  neurenteric  canal,  (2)  the  primi- 
tive streak  behind  this,  (3)  the  blastopore  at  the  pole  of  the  yolk- 
sack  opposite  the  embryo,  * 

Tlf^THTnit.1ift.  The  features  of  the  development  of  the  placental 
Mammalia  receive  their  most  satisfactory  explanation  on  the  hypo- 
thesis that  their  ancestors  were  provided  with  a  large-yolked  ovum 
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like  that  of  the  Sauropsida.    The  food-yolk  must  be  supposed  to  have 
ceased   to   be    de- 
veloped on  the  68-  •  """ 
tabliabmeot    of  a      'i 
maternal  Qutrition 
throughtbe  uterus.     ■^' 

On  this  hypo-  "* 
thesis  all  the  de- 
velopmental phe- 
nomena subse- 
quently to  the  for-  .i 
mation  of  the  blas- 
todermic vesicle  re- 
ceive a  satisfactory 
explanation. 

The    whole   of 
the     blaatodennic 

vesicle,  except  the  ~,^^"„Y  pri"miti,a'st^  folded  m  on  "the  yent^  a  . 
embryonic  area,  re-  oL  aUantoiB;  m«.  meBobUati  an.  point  where  aoui  wiU  be 
piesents  the  yolk-  formed;  p.c.  periviBoenl  catit;;  on.  amnion;  to.  Eonuto- 
sack,  and  the  l^°":  V-  ipianoi'^opioare. 
growth  of  the  hy- 
poblast and  then  of  the  mesoblast  round  its  inner  wall  represents  the 
corresponding  growths  in  the  Sauropsida.  As  in  the  Sauropsida  it 
becomes  coDstricted  off  from  the  embryo,  and  the  splanchnopleuric 
stalk  of  the  sack  opens  into  the  ileum  in  the  usual  way. 

In  the  formation  of  the  embryo  out  of  the  embryonic  area  the 
phenomena  which  distinguish  the  Sauropida  from  the  Ichthyop- 
sida  are  repeated.  The  embryo  lies  in  the  centre  of  the  area ;  and 
before  it  is  formed  there  appears  a  primitive  streak,  from  which  there 


Fio.  177.    DiAoiunMiTic  ii 

IHH    rOETEHlOK    BNO    Or     U(     BMBHTO     BULD    AT    ISB     TIMS 
CBE    rOBHATION    OF    THB    AlJ-ANIOlH. 

ep.  epibUst;    Sp.e.  spinal  oanal;    eh.   notoohord;    i 


Fio.  178.    OpncAii  bbotions  of  a  Babbit's  ovum  at  two  htaobb  clobilx 

rouAwno  cpon  thi  BBanirTATioN.     (Afler  E.  van  Beneden.) 

ep.  epiblagt;  Ay.  primary  bTpobUsI ;  frp.  Vew  Beneden'a  BO-«BJled  blastopore. 

The  shading  of  the  epiblast  and  bTpobUat  is  diagrftmrnatlo. 

B.  E.    II.  16 
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grows  out  the  greater  part  of  the  meaoblaat.  At  the  front  end  of  the 
primitive  streak  the  hypoblast  and  epiblast  become  continuoas, 
though  a  perforated  neurenteric  blastopore  has  not  yet  been  detected. 
All  these  Sauropsidan  features  are  so  obvious  that  they  need  not 
be  insisted  on  further.  The  embryonic  evidence  of  the  common  origin 
of  Mammalia  and  Sauropsida,  both  as  concerns  the  formation  of  the 
layers  and  of  the  embryonic  membranes,  is  as  clear  as  it  can  be. 
The  only  difiBculty  about  the  early  development  of  Mammalia  is 
presented  by  the  epibolic  gastrula.  and  the  formation  of  the  blaato- 
aermic  veside  (figs.  178  and  1791.  That  the  segmentation  is  a  com- 
plete one  is  no  doubt  a  direct  consequeuce  of  the  reduction  of  the 
food-yolk,  but  the  growth  of  the  epiblast  cells  round  the  hypoblast 
and  the  final  enclosure  of 
the   latter,   which  I  have 

rken  of  as  giving  rise  to 
epibolic  gastrula,  are 
not  so  easily  explained. 

It  might  have  been 
supposed  that  this  process 
was  equivalent  to  the 
growth  of  the  blastoderm 
round  the  yolk  in  the 
Sauropsida,  but  then  the 
blastopore  ought  to  be 
situated  at  the  pole  of  the 
egg  opposite  to  the  em- 
bryonic area,  while,  accord- 
ing to  Van  Beneden,  the 
embryonic  area  corresponds 
approximately  to  the  blas- 
topore. 

Van   Beneden   regards 

the  Mammalian  blastopore 

as    equivalent    to    that   in 

the  Amphibia,  but  if  the 

position  previously  adopted 

about  the  primitive  streak  ia  to  be  maintained,  Van  Beneden's  view 

must  be  abandoned.     No  satis&ctonr  phylogenetic  explanation  of  the 

Mammalian  gastrula  by  epibole  has  m  my  opinion  as  yet  been  offered. 

The  formation  of  the  blastodermic  vesicle  may  perhaps  be  ex- 

C'  '  ed  on  the  view  that  in  the  Froto-mammalia  the  yolk-sack  was 
,  and  that  its  blood-vessels  took  the  place  of  the  placenta 
of  higher  forms.  On  this  view  a  reduction  in  the  bulk  of  the  ovarian 
oirutn  might  easily  have  taken  place  at  the  same  time  that  the 
presence  of  a  large  yolk-sack  was  still  necessary  for  the  purpose  of 
affording'  surface  of  contact  with  the  utenis. 


br.  cavit;  of  blaitodermic  veuole  (yoUt-ssok); 
rp.  epiblast;  hy.  primitiTe  hypobUst;  Zp.  mu- 
cous envalope. 
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The  formation  of  the  Mesoblast  and  of  the  NotocJiord. 

Amphioxns.  The  mesoblaat  originates  in  Amphioxus,  as  in  several 
primitive  invertebrate  types,  from  a  pair  of  lateral  diverticula,  con- 
atricted  off  from  the  archenteron  (fig.  180).  Their  formation  com- 
mences at  the  front  end  of  the  body  and  is  thence  carried  backwards, 
and  each  diverticulum  contains  a  prolongation  of  the  cavity  of  the 
archenteron.     After  their  separation  from  the  archenteron  the  dorsal 


twt 


(After  KowaleTBky.) 


FlO.  ISO.       SlCTtaNB  OF  \S  AUFHIOICB  EUBBYO  AT  THBt 

A.  Seotion  at  gsBtmla  stage. 

B.  Section  of  an  embryo  Blightly  fonnger  thaD  that  represented  in  Eg.  1G9  D. 

C.  Section  through  the  anterior  pait  of  an  embryo  at  the  Btage  represented  in 
fig.  169  E. 

up.  nenralp!ate;  tic  neural  oanal;  mrs.  archenteron  in  A  and  B,  and  mesenteroD 


parts  of  these  diverticula  become  divided  by  transverse  septa  into 
successive  somites,  the  cavities  of  which  eventually  disappear ;  while 
the  walls  become  mainly  converted  into  the  muscle-plates,  but  also 
into  the  tiaatie  around  the  notochord  which  corresponds  with  the 
vertebral  tissue  of  the  higher  Chordata. 

The  ventral  part  of  each  diverticulum,  which  is  prolonged  so  as  to 
meet  iti  fellow  in  the  middle  ventral  line,  does  not  become  divided 
into  somites,  but  contains  a  continuous  cavity,  which  becomes  the 
body  cavity  of  the  adult     The   inner 
layer  of  this  part  forms  the  splanchnic  '*'" 

meaoblast,  and  the  outer  layer  the  so- 
matic mesoblast. 

The  notochord  would  almost  appear 
to  arise  as  a  third  median  and  dorsal 
diverticulum  of  the  archenteron  (fig.  180 
ch).  At  any  rate  it  arises  as  a  central 
fold  of  the  wall  of  this  cavity,  which  is 
gradually  constricted  off  from  before 
backwards.  bbto  or  Phau-dsia  >ui 

Urocliorda.       In    simple    Ascidiana     (After  KowaleTBky.) 
the  above   processes   undei^o  a  slight         The  section  is  from  ai 
modification,  which  is  mainly  due  (1}  to     "*  ""^  ™"LT^.^*'  ^ 
a  general  simplification  of  the  organiza-     ^^j^'.  ^  a°     '     "' 
tion,  and  (2)  to  the  non-continuation  of    blast  of  tail, 
the  notochord  into  the  trunk. 


FlO.  18L      TlUNBTE 


;   me.  mesoblast;  aF.  hypo- 
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The  wliole  dorsal  wall  of  the  posterior  part  of  the  archenteron  is 
converted  into  the  notochord  (fig.  181  ch),  and  the  lateral  walls  into 
the  mesoblast  (me) ;  so  that  the  original  lumen  of  the  posterior  part 
of  the  archenteron  ceases  to  he  bounded  hy  hypoblast  cells,  and  dis- 
appears as  such.     Part  of  the  ventral  wall  remains  as  a  solid  cord  of 
cells   {al').    The   anterior  part  of  the  archenteron  in  front  of  the 
notochord  passes  wholly  into  the  permanent  alimentary  tract. 

The  derivation  of  the  mesohlast  from  the  lateral  walls  of  the 
posterior  part   of  the  archenteron   is  clearly  comptuuble  with  the 
analogous  process  in  Amphioxus. 

Vertelnuta,     In  turning  from  Amphioxus  to  the  true  Vertebrata 
we  find  no  form  in  which  diverticula  of  the  primitive  alimentary 
tract  give  rise  to  the  mesohlast.    There  is  reason  to  think  that  the 
type  presented  by  the  Elasmohranchii  in  the  formation  of  the  meso- 
hlast is  as  primitive  as  that  of  any  other  group.     In  this  groiip  the 
mesoblast  is  formed,  nearly  coin- 
cidently  with  the   hypoblast  of 
the  dorsal  wall  of  the  mesenteron, 
as  two  lateral  sheets,  one  on  each 
side  of  the  middle  line  (fig.  182 
m).    These  two  sheets  are  at  first 
solid  masses ;  and  their  differen- 
tiation commences  in  front  and 
is  continued  backwards.     After 
their  formation   the   notochord 
arises  from  the  axial  portion  of 
the   hypoblast    (which    had  no 
share  in  giving  rise  to  the  two 
mesohlast     plates)    as    a   solid 
thickening  (fig.  183  ch'),  which 
is  separated  from  it  as  a  circular 
rod.  Its  differentiation,  like  that 
of  the  mesohlastic  plates,  com- 
mences in  ftont.   The  mesoblast 
plates  subsequently  become  di- 
vided for  their  whole  length  into 
________^  two    layers,   between    which    a 

'^w  the  origin  of  the  cavity  is  developed  (fig.  184). 
The  doisal  parts  of  the  plates 
become  divided  by  transverse 
partitions  into  somites,  and  these  somites  with  their  contained  cavities 
are  next  separated  from  the  more  ventral  parts  of  the  plates  (fig. 
185  mp).  In  the  somites  the  cavities  become  eventually  obliterated, 
and  from  their  inner  sides  plates  of  tissue  for  the  vertebral  bodies 
(fig.  186  Vr)  are  separated ;  while  the  outer  parts,  consisting  of  two 
sheets,  containing  the  remains  of  the  original  cavity,  form  the  muscle- 
plates  (mp). 

The  undivided  ventral  portion  gives  rise  to  the  general  somatic 
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A.  Anterior  section. 

B.  PoBteiioi  section. 
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and  splanchnic  mesoblaat 
(fig.  185),  and  the  cavity 
between  its  two  layers  con- 
stitutes the  body  cavity. 
The  originaUy  separate 
halves  of  the  body  cavity 
eventually  meet  and  unite 
in  the  ventral  median  line 
throughout  the  greater 
part  of  the  body,  though 
in  the  tail  they  remain 
distinct  and  are  finally  ob- 
literated. Dorsally  they 
are  separated  by  the  me- 
senteiy.  From  the  meso- 
blaat at  the  junction  of  the 
dorsal  and  ventral  parts 
of  the  primitive  plates  is 
formed  the  unnogenital 
system. 

That  the  above  mode 
of  origin  of  the  mesoblast 
and  notochord  is  to  be  re- 
garded as  a  modification 
of  that  observable  in  Am- 
phioxus  seems  probable 
from  the  following  con- 
siderations : — 

In  the  first  place,  the 
mesoblast  is  split  off  from 
the  hypoblast  not  as  a 
single  mass  but  as  a  pair 
of  distinct  masses,  com- 
parable with  the  paired 
diverticula  in  Amphiosus. 
Secondly,  the  body  cavity, 
when  it  appears  in  the 
mesoblast  plates,  does  rwi 
arise  as  a  single  cavity,  bid 
as  a  pair  of  cavities,  one 
for  eachpUueofmeaohlaat; 
and  these  cavities  remain 
permanently  distinct  in 
some  parts  of  the  body, 
and  nowhere  unite  till  a 
comparatively  late  period. 
Thinily.the  primitive  body 
cavity  of  the    embryo   is 
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The  BSOlioiia  shew  the  development  of  the  noto- 

Ch.  notoohord;  Ch'.  dsTelaping  notoohotd;  tug. 
modollarf  groove;  Ip.  lateral  pUte  of  meaoblost; 
ep.  epiblast;   hy.  hypoblasi. 
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feKutiation  of  mQBdee ;  ch.  notoohord ;  x.  sab- 
notocbordal  rod  arising  at  an  ontgrowth  of  the 
dorsal  wall  of  the  alimentary  tracti  al.  alimentary 
tract. 
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not  confined  to  the  regii^n  >Q  which  a 
body  cavity  exists  in  the  adult,  hut  ex- 
tends to  the  summit  of  the  muscle-plates, 
at  6rst  separating  parte  which  IJecome 
completely  fused  in  the  adult  to  fonn 
the  great  lateral  muscles  of  the  body. 

It  is  di6ScuIt  to  understand  how  the 
body  cavity  could  thus  extend  into  the 
muscle-plates  on  the  supposition  that  it 
represents  a  primitive  split  in  the  meso- 
blast  between  the  wall  of  the  gut  and 
(he  body-wall;  but  its  extension  to  this 
part  is  quite  intelligible,  on  the  hypo- 
thesis that  it  represents  the  cavities  of 
two  diverticula  of  the  alimentary  tract, 
from  the  muscular  walls  of  which  the 
voluntary  muscular  system  has  been  de- 
rived ;  and  it  may  be  pointed  out  that 
the  derivation  of  part  of  the  muscular 
system  from  what  is  apparently  splanch- 
nic mesoblast  is  easily  explained  on 
the  above  hypothesis,  but  not,  so  far  as 
I  see,  on  any  other. 

Such  are  the  main  features,  presented 
by   the    mesoblast    in    Elasmobranchii, 
which   favour  the   view   of  its   having 
originally  formed  the  walls  of  the  ali- 
ineutary  diverticula.     Against  this  view 
of  its  nature  are  the   facts  (1)   of  the 
mesoblast  plates  being  at  first  solid,  and 
(2)  of  the  body  cavity  as  a  con- 
sequence of  this  never  commu- 
nicating with    the   alimentary 
canal.     These  points,  in  view  of 
our  knowledge  of  embryological 
modifications,  cannot  be  regard- 
ed as  great   difficulties  in  my 
hypothesis.    We  have  many  ex- 
amples of  organs,  which,  though 
in  most  Cases  arising  as  invoiu-         „ 
tions,  yet  appear  in  other  cases    -^^  ^„^j 
as  solid  ingrowths.     Such  ex- 
amples are  afforded  by  the  optic 
vesicle,    auditory   vesicle,    and 
probably  also  by  the  central  ner- 
vous system  of  Osseous  Fishes. 
In  most  Vertebrates  these  or- 
gans are  formed  as  hollow  in- 


Fio.  IBS.      Section  i 
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Blatter  of  epinal  cord;  pr.  poste- 
rior nerve-roolB;  ch.  notochord; 
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inp.  muacle-plata ;  ni^i'.  inner  layer 
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into  rauscleB;  Vr.  mdimant  of 
vertebral  bod;;  it,  segmenttiJ 
tube;  id.  segmental  dact;  ip.v, 
spiral  valve:  i'-  suliintestiniJ  vein; 
p.o.  primitive  generative  cella. 
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notochord,  and  shevs  the  separation  of  the 
cells  lo  form  the  vertebr&l  bodies  from  the 
muscle-plates. 

ch.  notochord;  fp.epiiAaal;  Vr.  rudiment 
of  vertebral  body;  tap.  muscle-plate;  mp'. 
portion  of  mOBole-pUte  already  differentiated 
into  longitudinal  muscleB. 


jiGoogle 


COMPARISON  OF  THE  OERMINAL   LAYERS.  247 

volutions  from  the  .exterior;  in  Osseous  Fishes,  liowever,  as  solid 
involutions,  in  which  a  cavity  is  secondarily  established. 

There  are  strong  grounds  for  thinking  that  in  all  Vertebrates  the 
mesoblast  plates  on  each  side  of  the  notochord  originate  indepeod- 
enlly,  much  as  in  Elasmobranchii,  and  that  the  notochord  is  derived 
from  the  axial  hypoblast ;  but  there  are  some  difficultiefl  in  the  appli- 
cation of  this  general  statement  to  alt  cases.  In  Amphibia,  Ganoids, 
and  Fetromyzon,  where  the  dorsal  hypoblast  is  formed  by  a  process 
of  invagination  as  in  Ampbioxus,  the  dorsal  mesoblast  also  owes  its 
origin  to  this  invagination,  in  that  the  indifferent  invaginated  layer 
becomes  divided  into  hypoblast  and  mesoblast.  Amongst  these  forms 
the  mesoblast  sheet,  when  separated  from  the  hypoblast,  is  certainly 
not  continuous  across  the  middle  line  in  Fetromyzon  (Calheria)  and 
the  Newt  (Scott  and  Oshorn),  and  doubtfully  so  in  the  other  forms. 
It  arises,  in  fact,  as  in  Elasmobranchii,  as  two  independent  plates. 
The  fact  of  these  plates  originating  from  an  invaginated  layer  can 
only  be  regarded  in  the  light  of  an  approximation  to  the  primitive 
type  found  in  Amphioxus. 

Id  Fetromyzon  and  the  Newt  the  whole  axial  plate  of  dorsal 
hypoblast  becomes  separated  off  from  the  rest  of  the  hypoblast  as  the 
notochord,  and  this  mode  of  origin  for  the  notochord  resembles  more 
closely  that  in  Ampbioxus  than  the  mode  of  origin  in  Elasmobranchii. 

In  Teleoatei,  there  is  reason  to  think  that  the  processes  in  the 
formation  of  the  mesoblast  acco^  closely  with  what  has  been  de- 
scribed as  typical  for  the  Ichthyopsida,  but  there  are  still  some  points 
involved  in  obscurity. 

Leaving  the  Ichthyopsida,  we  may  pass  to  the  consideration  of 
the  Sauropslda  and  MammaUa.  In  both  of  these  types  there  is  evi- 
dence to  shew  that  a  part  of  the  mesoblast  is  formed  in  situ  at 
the  same  time  as  the  hypoblast,  from  the  lower  strata  of  segmen- 
tation spheres.  This  mesoblast  is  absent  in  the  front  part  of  the 
area  pellucida,  and  on  the  formation  of  the  primitive  streak  (blasto- 
pore), an  outgrowth  of  mesoblast  arises  from  it  as  in  Amphibia,  etc. 
From  this  r^on  the  mesoblast  spreads  as  a  continuous  sheet  to  the 
sides  and  posterior  part  of  the  blastoderm.    In  tberegion  of  the  embryo, 


ep   epiblast     mt    mesoblast     hy   hypoblast    tag   mtdnUar}'  groove 


its  exact  behaviour  has  not  in  some  cases  been  quite  satisfactorily  made 
out.  There  are  reasons  for  thinking  that  it  appears  as  two  sheebi 
not  unUed  in  the  axial  line  in  both  I^ertilia  (fig.  126)  and  Mammalia 
(fig.  187),  and  this  t*)  some  extent  holds  true  for  Aves  {vide  p.  130). 
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Id  Lacertilia  (fig.  188}  and  Mammalia,  the  axial-  faypoUaet  becomes 
vhollj  coDvertea  into  the  Dotochord,  which  at  the  posterior  end  of 
the  body  is  continued  into  the  epiblast  at  the  dorsal  lip  of  the 
blaatopoTe ;  while  in  Birds  the  notochord  is  formed  by  a  very  similar 
(fig,  189  ch)  process. 


^r 


Via.  ISS.    DuaauiiuTio 


The  above  processes  in  the  formation  of  the  mesoblast  are  for  the 
most  part  easily  explained  by  a  comparison  with  the  lower  types. 
The  outgrowth  of  the  mesoblast  from  the  aides  of  the  primitive 
streak  is  a  rudiment  of  the  doreal  invagination  of  hypoblast  and 
mesoblast  found  in  Amphibia ;  and  the  apparent  outgrowth  of  the 
mesoblast  from  the  epiblast  in  the  primitive  streak  is  no  more  to  be 
taken  as  a  proof  of  the  epiblastic  origin  of  the  mesoblast,  than  the 
continuity  of  the  epiblast  with  the  invaginated  hypoblast  and  meso- 


blast at  the  lips  of  the  blastopore  in  the  Frog  of  the  derivation  of 
these  layers  from  the  epiblast  in  this  tj^je. 

The  division  of  the  mesoblast  into  two  plates  along  the  dorsal 
line  of  the  embryo,  and  the  formation  of  tne  notochord  from  the 
axial  hypoblast,  are  intelligible  without  further  explanation.  The 
appearance  of  part  of  the  mesoblast  before  the  formation  of  the 
primitive  streak  is  a  process  of  the  same  nature  as  the  differenti- 
ation of  hypoblast  and  mesoblast  in  Elasmobranchii  without  an 
invaeination. 
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In  the  Sauropsida,  some  of  the  mesoblast  of  the  vascular  area  would 
appear  to  be  formed  tn  situ  out  of  the  germiiiaJ  wall,  by  a  process  of 
ceU-formation  similar  to  that  which  takes  place  iu  the  yolk  adjoinicg 
the  blastoderm  in  Elaamobranchii  and  Teleostei.  The  mesoblast  so 
formed  is  to  be  compared  with  that  which  arises  on  the  ventral  side 
of  the  embryo  in  the  Frog,  by  a  direct  differentiation  of  the  yolk-cells. 

What  was  stated  for  the  Elasmobranchii  with  reference  to  the 
general  fate  of  the  mesoblast  holds  approximately  for  all  the  other 
forms. 

The  Epiblast. 

The  epiblast  in  a  large  number  of  Cbordata  arises  as  a  single 
row  of  more  or  less  columnar  cells.  Since  the  epidermis,  into  which 
it  becomes  converted,  is  formed  of  two  more  or  less  dbtinct  strata  in 
all  Cbordata  except  Amphioxus  and  Ascidians,  the  primitive  row  of 
epiblast  cells,  when  single,  necessarily  becomes  divided  in  the  course 
of  development  into  two  layers. 

In  some  of  the  Vertebrata,  viz.  the  Anurous  Amphibia,  Tele- 
ostei, AcipeDser,  and  Lepidosteus,  the  epiblast  is  from  the  first 
formed  of  two  distinct  strata.  The  upper  of  these,  formed  of  a  single 
TOW  of  cells,  is  known  as  the  epidermic  stratum,  and  the  lower,  formed 
of  several  rows,  as  the  nervous  stratum.  In  these  cases  the  two 
original  strata  of  the  epiblast  are  equivalent  to  those  which  appear  at 
a  later  period  in  the  other  forms.  Thus  Vertebrates  may  be  divided 
into  groups  according  to  the  primitive  condition  of  their  epiblast,  viz. 
a  larger  group  with  but  a  single  stratum  of  cells  at  first;  and  a 
smaller  group  with  two  strata. 

While  there  is  no  great  difBcnlty  in  determining  the  equivalent 
parts  of  the  epidermis  in  these  two  groups,  it  still  remains  an  open 
question  in  which  of  them  the  epiblast  retains  its  primitive  condition. 

Though  it  is  not  easy  to  bring  conclusive  pi'oofs  on  the  one  side 
or  the  other,  the  balance  of  argument  appears  to  me  to  be  decidedly 
in  favour  of  regarding  the  condition  of  tha  epiblast  in  the  larger 
group  as  primitive,  and  its  condition  in  the  smaller  group  as 
secondary,  and  due  to  the  throwing  back  of  the  differentiation  of 
the  epiblast  to  a  very  early  period  of  development. 

In  &vour  of  this  view  may  be  urged  (I)  the  tact  that  the  simple 
condition  is  retaioed  in  Ampbioxus  through  life.  (2)  The  correlation 
in  Amphibia,  and  the  other  forms  belonging  to  this  group,  between 
a  closed  auditory  pit  and  the  early  division  of  the  epiblaist  into  two 
strata;  there  being  no  doubt  *that  the  auditory  pit  was  at  first  per- 
manently open,  a  condition  of  the  epiblast  which  necessitates  its 
never  having  an  external  opening  must  clearly  be  secondary.  (3)  It 
appears  more  likely  that  a  particular  genetic  feature  should  be  thrown 
rack  in  development,  than  that  such  an  important  feature,  as  a 
distinction  between  two  primary  layero,  should  be  absolutely  lost 
during  an  early  period  of  development,  and  then  re-appear  in  later 
stages. 
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The  fact  of  the  epiblast  of  the  neural  canal  being  divided,  like 
the  remainder  of  the  layer,  into  nervous  and  epidermic  parts,  cannot, 
I  think,  be  used  as  an  argument  in  favour  of  the  opposite  view  to 
that  here  maintained.  It  seenia  probable  that  the  central  canal  of 
the  nervous  system  arose  phylogenetically  as  an  involution  from  the 
exterior,  and  that  the  epidermis  lining  it  is  merely  part  of  the 
original  epidermis,  which  has  retained  its  primitive  structure  as  a 
simple  stratum,  but  is  naturally  distii^ui^able  from  the  nervous 
structures  adjacent  to  it. 

Where  the  epiblast  is  divided  at  an  early  period  into  two  strata, 
the  nervous  stratum  is  always  the  active  one,  and  takes  the  main 
share  in  forming  all  the  organs  derived  from  the  layer. 

Fonoation  of  the  central  nervooB  system.  In  all  Cbordata  an 
axial  strip  of  the  dorsal  epiblast,  extending  from  the  lip  of  the 
blastopore  to  the  anterior  extremity  of  the  head,  and  known  as  the 


Fio.  IW.    SECTtoHs  OF  AN  AuFHioiuB  EKBBYO  i.^  iBRBE  BTAOEB.    (After  Eowalevsli;.) 

A.  Section  at  gastrala  BtdKe. 

B.  BectioQ  of  on  embryo  slightly  fonnger  than  that  represented  in  fig.  169  D. 

C.  Section  tbroQgh  Uie  anteiioi  part  of  an  embryo  at  the  ei^e  repiepented  iii 
Ig.  169  E. 

n  A  and  B.  and  mesenteion 

medullary  plate,  becomes  isolated  from  the  remainder  of  the  layer  to 
give  rise  to  the  central  nervous  axis. 

Accordiog  to  the  m^ner  in  which  this  takes  place,  three  types 
may,  however,  be  distinguished.  In  Ampbioxus  the  axial  strip  be- 
comes first  detached  from  the  adjoining  epiblast,  which  then  meets 
and  forms  a  continuous  layer  above  it  (fig.  190  A  and  B  np).  The 
sides  of  the  medullary  plate,  which  is  thus  shut  off  from  the  surface, 
bend  over  and  meet  so  as  to  convert  the  plate  into  a  canal  (fig.  100  0 
nc).  In  the  second  and  ordinary  type  the  sides  of  the  medullary 
plate  fold  over  and  meet  so  as  to  form  a  canal  before  the  plate 
becomes  isolated  from  the  external  epiblast. 

The  third  type  is  characteristic  of  Lepidosteus,  Teleostei,  and 
Petromyzon.  Here  the  axial  plate  becomes  narrowed  in  such  a 
way  that  it  forms  a  solid  keel-like  projection  towards  the  ventral 
surface  (fig.  191  Mc).  This  ktel  subsequently  becomes  separated 
from  the  remainder  of  the  epidermis,  and  a  central  canal  is  after- 
wards developed  in  it.  Calberla  and  Scott  hold  that  the  epidermic 
layer  of  the  skin  is  involuted   into  this  keel   iu   Petromyzon,  and 
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Calberla  m&iDtains  the  same  view  for  Teleoatei  (fig.  32),  but  further 
observatioDS  on  this  subject  are  required.  In  the  Teleogtei  a  very 
ehallov  depression  along  the  axis  of  the  keel  is  the  only  iodication  of 
the  medullary  groove  of  other  forms. 

In  Amphioxus  (fig.  180),  the  Tunicata,  Petromyzon  (f),  Elasmo- 
branchii  (fig.  182),  the  Urodela  and  Mammalia  (fig.  187),  the  epiblaet 
of  the  medullary  plate  is  only  formed  of  a  single  row  of  cells  at  the 
time  when  the  formation  of  the  central  nervous  system  commences; 
but,  except  in  Amphioxus  and  the  Tunicata,  it  becomes  several  cells 
deep  before  the  completion  of  the  process.  In  other  types  the  epi- 
blast  is  several  cells  deep  even  before  the  differentiation  of  a  medul- 
lary plate.     In  the  Anura,  the  nervous  layer  of  the  epidermis  alone 
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is  thickened  in  the  formation  of  the  central  nervous  system  (fig.  72) ; 
and  after  the  closure  of  the  medullary  canal,  the  epidermic  layer  fuses 
for  a  period  with  the  nervous  layer,  though  on  the  subsequent  for- 
mation of  the  central  epithelium  of  the  nervous  canal,  there  can  be 
little  doubt  that  it  becomes  again  distinct. 

It  seems  almost  certain  that  the  formation  of  the  central  nervous 
system  from  a  solid  keel-like  thickening  of  the  epidermis  is  a  derived 
and  secondary  mode ;  and  that  the  folding  of  the  medullary  plate  into 
a  canal  is  primitive.  Apart  from  its  greater  frequency  the  latter 
mode  of  formation  of  the  central  nervous  system  is  shewn  to  be 
the  primitive  type  by  the  fact  that  it  offers  a  simple  explanation  of 
the  presence  of  the  central  canal  of  the  nervous  system ;  while  the 
existence  of  such  a  canal  cannot  easily  be  explained  on  the  assumption 
that  the  central  nervous  system  was  originally  developed  as  a  keel- 
like thickening  of  the  epiblast. 

It  is  remarkable  that  the  primitive  medullary  plate  rarely  ex- 
hibits any  indication  of  being  formed  of  two  symmetrical  halves.  Such 
indications  are,  however,  found  in  the  Amphibia  (tig.  192  and  fig. 
72) ;  and,  since  in  the  adult  state  the  nervous  cord  exhibits  nearly  as 
distinct  traces  of  being  formed  of  two  united  strands  as  does  the 
ventral  nerve-cord  of  many  Ohcetopods.  it  is  quite  possible  that  the 
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structure  of  the  medullary  plate  in  Amphibia  may  be  more  primitive 

than  that  in  other  types'. 

Formation  of  the  organs  of  fecial  sense.    The  more  important 

porta  of  the  organs  of  smell,  sight,  and  hearing  are  derived  from  the 
epiblast;  and  it  has  been  as- 
serted that  the  olfactoiy  pit, 
optic  vesicles  and  auditoiy 
pit  take  their  origin  from  a 
special  sense  plate,  continuous 
at  finit  with  this  medullary 
plate.  In  my  opinion  this 
view  cannot  be  maintained. 

In  the  case  of  the  group 
of  forms  in  which  the  epiblast 
"s  early  divided  into  i 


„     ,„„    __  and    epidermic    layers,    the 

NswT  BHBBTo.     lormer  layer  alone  becomes 


(After  Boott  and  Osbotn.)  involuted   in    the    formation 

In.ft».  invaginatedliypobUBt,  the  doreal  part  of  the  auditory  pit  and  the 
ot^^i&-«m.l^Tmib^^oi<Mx^.>^m^i.  1  tijg  external  openings 
o(  neural  plate;   w.  splanchnopleaie;   ai.  all-        -    i  .   ,  j    'i         i 

laeDtaxy  tract;  yk.  and  Yhy.  yolk-oellB,  Ot  which  are  never  developed, 

while  it  is  also  mainly  con- 
cerned in  the  formation  of  the  olfactory  pit. 


Summary  of  the  more  important  Organs  derived  from  the  three  ger- 
minal layers. 

The  epibUlst  primarily  ^ves  origin  to  two  very  important  parte  of 
the  body,  viz.  the  central  nei'vous  system  and  the  epidermis. 

It  is  from  the  involuted  epiblast  of  the  neural  tube  that  the 
whole  of  the  grey  aud  white  matter  of  the  brain  and  spinal  cord 
appear  to  be  developed,  the  simple  columnar  cells  of  the  epiblast 
being  directly  transformed  into  the  characteristic  multipolar  nerve 
cells.  The  whole  of  the  sympathetic  nervous  system  and  the  peri- 
pheral nervous  elements  of  the  body,  including  both  the  spinal  and 
the  cranial  nerves  and  ganglia,  are  epiblastic  in  origin. 

The  epithelium  (ciliated  in  the  young  animal)  lining  the  canalis 
centralis  of  the  spinal  cord,  together  with  that  lining  the  ventricles 
of  the  brain,  is  the  undifferentiated  remnant  of  the  primitive 
epiblast. 

The  epiblast  also  forms  the  epidermis ;  not  however  the  dermis, 
which  is  of  mesoblastic  origin.     The  line  of  junction  between  the 

'  A  parallel  to  tha  impaired  mednllarj  plate  of  most  Chordata  ia  supplied  b;  the 
embryologically  onpaired  ventral  cord  of  most  Gephyrea  and  soma  CraBtaoaa.  In  these 
torma  there  can  be  little  doabt  that  the  ventral  cord  has  aiisen  from  the  faeian  of 
two  originally  independent  strands,  no  (hat  it  is  not  an  extremely  improbable  hypotheda 
to  snppose  that  the  same  may  have  been  the  case  in  the  Chordata. 


jiGoogle 


COMPARISON  OF  THE  QERMISAL  LAYERS.  2ftS 

epiblast  and  the  mesoblast  coincides  with  that  between  the  epi- 
dermis'and  the  dermis.  From  the  epiblast  are  fonned  ail  such 
tegumentary  oi^ans  or  parts  of  organs  as  are  epidermic  in  nature. 

In  addition  to  the  above,  the  epiblast  plays  an  important  part  in 
the  formation  of  the  organs  of  special  sense. 

According  to  their  mode  of  formation,  these  organs  may  be 
arranged  into  two  divisions.  In  the  first  come  the  organs  where 
the  sensory  expansion  is  derived  from  the  involuted  epibJast  of  the 
medullary  canal.  To  this  class  belongs  the  retina,  including  the 
pigment  epithelium  of  the  choroid,  whicn  is  formed  from  the  original 
optic  vesicle  budded  out  from  the  fore-brain. 

To  the  second  class  belong  the  epithelial  expansions  of  the 
membranous  labyrinth  of  the  ear,  and  toe  cavity  of  the  nose,  which 
are  fonned  by  an  involution  of  the  epiblast  covering  the  external 
surface  of  the  embryo.  These  accordingly  have  no  primary  connec- 
tion with  the  brain,  'Taste  bulbs'  and  other  terminal  nervous  organs, 
such  as  those  of  the  lateral  line  in  fishes,  are  also  structures  formed 
from  the  external  epiblast. 

In  addition  to  these  we  have  the  crystalline  lens  formed  of  iovo- 
luted  epiblast  as  well  aa  the  cavity  of  the  mouth  and  anus,  and  the 
glands  derived  from  them.  The  pituitary  body  is  also  epiblastic  in 
origin. 

J'Vom  the  hypoblast  are  derived  the  epithelium  of  the  digestive 
canal,  the  epithelium  of  the  trachea,  bronchial  tubes  and  air  cells, 
the  cylindrical  epithelium  of  the  ducts  of  the  liver,  pancreas,  thyroid 
body,  and  other  glands  of  the  alimentary  canal,  as  well  as  the 
hepatic  cells  constituting  the  parenchyma  of  the  liver,  developed 
from  the  hypoblast  cylinders  given  off  around  the  primary  hepatic 
diverticula. 

Homoliwous  probably  with  the  hepatic  cells,  and  equally  of  hypo- 
blastic  origin,  are  the  spheroidal '  secreting  cells'  of  the  pancreas  and 
other  glands.  The  epithelium  of  the  salivary  glands,  though  these  so 
closely  resemble  the  pancreas,  is  probably  of  epiblastic  origin,  inas- 
much as  the  cavity  of  the  mouth  is  entirely  lined  by  epiblast. 

The  hypoblast  also  lines  the  allantois.  To  these  parts  must  be 
added  the  notochord  and  subnotochordal  rod.  From  the  meioblast 
are  formed  all  the  remaining  parta  of  the  body.  The  muscles,  the 
bones,  the  connective  tissue  aud  the  vessels,  both  arteries,  veins, 
capillaries  and  lymphatics  with  their  appropriate  epithelium,  are 
entirely  formed  from  the  mesoblast. 

The  generative  and  urinary  organs  are  entirely  derived  from  the 
mesoblast.  It  is  worthy  of  notice  that  the  epitbehum  of  the  urinary 
glands,  though  resembling  the  hypoblastic  epithelium  of  the  alimen- 
tary canal,  is  undoubtedly  mesoblastic. 

From  the  mesoblast  are  lastly  derived  all  the  muscular,  connective 
tissue,  and  vascular  elements,  as  well  of  the  alimentary  canal  and  its 
appending  as  of  the  skin  and  the  tegumentanr  organs.  Just  as  it 
is  only  the  epidermic  moiety  of  the  latter  which  is  derived  from  the 
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epiblast,  so  it  is  only  the  epithelium  of  the  former  which  comes  from 
the  hypoblast. 

Growth  in  length  of  the  Vertebrate  Einhryo. 

With  reference  to  the  formation  and  growth  in  length  of  the  boily  of 
the  Vertebrate  embryo  two  different  views  have  been  put  forward,  which 
can  be  best  explained  by  taking  the  Elasinobranch  embryo  aa  our  type.  One 
of  these  viewti,  generally  held  by  embryoli^istB  and  adoptcni  in  the  previous 
pages,  is  that  the  Elusmobranch  embryo  arises  from  a  differentiation  of  the 
edge  of  the  blastoderm ;  which  extends  inwards  from  the  edge  for  some  little 
distance.  Thia  differentiation  is  Hupposed  to  contain  within  itself  the  rudi- 
ments of  ttie  whole  of  the  embryo  with  the  exception  of  the  yolk-saek ; 
and  the  hinder  extremity  of  it,  at  the  edge  of  the  blastoderm,  is  regarded 
as  corresponding  with  the  hind  end  of  the  body  of  the  adult.  The  growth 
in  length  takes  place  by  a  process  of  intussusception,  and,  till  there  are 
formed  the  fall  number  of  mesoblastic  somites,  it  is  effected,  as  in  Chnto- 
pods,  by  the  continual  addition  of  fresh  somites  between  the  last-formed 
somite  and  the  hind  end  of  the  body. 

A  second  and  somewhat  parHdoxical  view  has  been  recently  brought 
into  prominence  by  His  and  fUuber.  This  view  has  moreover  since  been 
taken  up  by  many  embryologists,  and  has  led  to  strange  comparisooa 
between  the  formation  of  the  mesoblastic  plates  of  the  Chtetopoda  and 
the  medullary  folds  of  Vertebrata.  According  to  this  Haw  the  embryo 
grows  in  length  by  the  coalescence  of  the  two  halves  of  th^ thickened  edges 
of  the  blastoderm  in  the  dorsal  median  line.  The  groove  between  the 
coaleecing  edges  is  the  medullary  groove,  which  increases  in  length  by  the 
continued  coalescence  of  fresh  portions  of  the  edge  of  the  blastoderm. 

The  following  is  His'  own  statement  of  his  view ;  **  I  have  shewn  that 
the  embryo  of  Osseous  Fishes  gi'ows  together  in  length  from  two  symmetri- 
cally-placed structures  in  the  thickened  edge  of  the  blastoderm.  Only  the 
foremost  end  of  the  head  and  the  hindermost  end  of  the  tail  undergo  no 
concrescence,  since  they  are  formed  out  of  that  part  of  the  edge  of  the 
blastoderm  which,  together  with  the  two  lateral  halves,  completes  the  ring. 
The  whole  edge  of  the  blastoderm  in  used  in  the  formation  of  the  embryo." 

The  edges  of  the  blastoderm  which  meet  to  form  the  body  of  the  embryo 
are  regarded  as  the  blastopore,  so  that,  on  this  view,  the  blBSto[Kire  primi- 
tively extends  for  the  whole  length  of  the  dorsal  side  of  the  embryo,  and 
the  groove  between  the  coalesced  lips  becomes  the  medullary  groove. 

It  is  not  possible  for  me  to  enter  at  any  great  length  into  the  arguments 
used  to  support  this  position. 

They  may  be  summarised  as  (1)  The  general  appearance;  i.e.  that  the 
thickened  edge  of  the  blastoderm  is  continuous  with  the  medullary  fold. 

(2)  Certain  measurements  (His)  which  mainly  appear  to  me  to  prove 
that  the  growth  takes  place  by  the  addition  of  fresh  somites  between  that 
last  formed  and  the  end  of  the  body. 

(3)  Some  of  the  phenomena  of  double  monsters  (Bauber). 

None  of  these  arguments  appear  to  be  very  forcible,  but  as  the  view  of 

,  His  and  Kauber,  if  true,  would  certainly  be  important,  I  shall  attempt 

shortly  to  state   the  ai^uments  against  it,  employing  as  my  type  the 

Elasmobranehii,  by  the  development  of  which,  according  to  His,  the  view 
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which  he  adopts  is  more  conclusively  proved  than  by  that  of  anj  other 
group. 

(1)  The  general  appearance  of  the  thickened  edge  of  the  blastoderm 
becoming  continuous  with  the  medullary  folds  has  been  used  as  an  ai'gument 
for  the  medullary  folds  lieing  merely  the  coalesced  thickened  edges  of  the 
blastoderm.  Since,  however,  the  medullary  folds  are. merely  parts  of  the 
medullary  plate,  and  since  the  medullary  plate  is  continuous  with  the 
adjoining  epiblast  of  the  embryonic  rim,  the  latter  structure  must  be  con- 
tinuous with  the  medullary  folds  however  they  are  formed,  and  the  mere 
fact  of  their  being  so  continuous  cannot  be  used  as  an  argument  either 
way.  Moreover,  were  the  concrescence  theory  true,  the  ci^eecing  edges 
of  the  blastoderm  might  be  expected  to  form  an  acute  angle  with  each 
other,  which  they  are  far  from  doing. 

(2)  The  medullary  groove  becomes  closed  behind  earlier  than  in  front, 
and  the  ct(»ure  commences  while  the  embryo  is  still  quite  short,  and 
before  the  hind  end  hot  began  to  project  over  the  yolk.  After  the  medullary 
canal  becomes  closed,  and  is  continued  behind  into  the  alimentary  CMial 
by  the  neurenteric  passage,  it  is  clearly  impossible  for  any  further  increase 
in  length  to  take  place  by  concrescence.  If  therefore  Hia'  and  Rauber's 
view  is  accepted,  it  will  have  to  be  maintained  that  only  a  small  part  of 
the  body  is  formed  by  concrescence,  while  the  larger  posterior  part  grows 
by  intussusception.  The  difficulty  involved  in  this  supposition  is  much 
increased  by  the  fact  that  long  after  the  growth  by  concrescence  must  have 
oeased  the  yolk^Uastopore  still  remains  open,  and  the  enibryo  is  still 
attached  to  the'^ge  of  the  blastoderm ;  so  that  it  cannot  be  maintained 
that  the  growth  by  concrescence  has  come  to  an  end  becanse  the  .thickened 
edges  of  the  blastoderm  have  completely  coalesced. 

The  atiove  are  arguments  derived  simply  from  a  consideration  of  the 
growth  of  the  embryo  ;  and  they  prove  (1)  titat  the  points  adduced  by  His 
and  Bauber  are  not  at  all  conclusive;  (i)  that  the  growth  in  length  of 
the  greater  part  of  the  body  takes  place  by  the  addition  of  fresh  somites 
behind,  as  in  Chnlopods,  and  it  would  therefore  he  extremely  surprising 
that  a  small  middle  part  of  the  body  should  grow  in  quite  a  different  way. 

Many  minor  arguments  used  by  His  might  be  replied  to,  but  it  is 
hardly  necessary  to  do  so,  and  some  of  them  depend  upon  erroneous  views 
as  to  the  course  of  development,  such  as  an  argument  about  the  notochord, 
which  depends  for  its  validity  upon  the  assumption  that  the  notochord  ridge 
appeaifl  at  the  same  time  as  the  medullary  plate,  while,  as  a  matter  of  fa^ 
the  ridge  does  not  appear  till  considerably  later.  In  addition  to  the  argu- 
metits  of  the  class  hitherto  used,  there  may  be  brought  against  the  His- 
Bauber  view  a  series  of  ai-gumeuts  from  comparative  embryology. 

(1)  Were  the  vertebrate  blastopore  to  be  coextensive  with  the  dorsal 
surface,  as  His  and  Rauber  maintain,  clear  evidence  of  this  ought  to  be  ap- 
parent in  Amphioxua  In  Amphioxus,  however,  the  blastopore  is  at  fint 
placed  exactly  at  the  hind  end  of  the  body,  though  later  it  passes  up  juat 
on  to  the  dorsal  side  {vide  p.  3).  It  nearly  closes  before  the  appearance  of 
the  medullary  groove  or  mesoblastic  somites;  and  the  medullary  folds  have 
nothing  to  do  with  its  lips,  except  in  so  far  as  they  are  continuous  with 
them  behind,  just  as  in  Elasmobranohil 

(2)  The  food-yolk  in  the  Vertebrata  is  plaeed  on  the  ventral  side  of  the 
body,  and  becomes  enveloped  by  the  blastoderm ;  so  that  in  all  large-yolkad 
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yertebrates  the  ventral  walls  of  the  body  are  obviously  completed  by  the 
closure  of  the  lips  of  the  blastopore,  on  the  ventral  side. 

If  HiH  ajid  Rauber  are  right  the  Aortti  walls  are  also  completed  by  the 
closure  of  the  blastopore,  so  that  the  whole  of  the  dorsal,  as  well  as  of  the 
ventral  wall  of  the  embryo,  must  bo  formed  by  the  concrescence  of  the  Up« 
of  the  bUBtop<H'e ;  which  is  clearly  a  reduetio  ad  ahturdvan  of  the  whole 
theory.  To  my  own  arguments  on  the  subject  I  may  add  those  of  Kapffer, 
who  has  very  justly  criticised  His'  statements,  and  has  shewn  that  growth 
of  the  blastoderm  in  Clupea  and  Oasterosteus  is  Absolutely  inconaiBtent 
with  the  ooncreecenoe  theory. 

The  more  the  theory  of  TTiw  and  Bauber  is  examined  by  the  light  of 
comparative  embrjrology,  the  more  does  it  appear  quite  untenable;  and  it 
may  be  laid  down  as  a  safe  conclusion  from  a  comparative  study  of  verte- 
brate embryology  that  the  blastopore  of  Vertebrates  is  primitiv^y  situated 
at  the  hind  end  of  the  body,  but  that,  owing  to  the  development  of  a  large 
food-yolk,  it  also  extends,  in  most  cases,  over  a  larger  or  smaller  part  of 
the  ventral  side. 

The  origin  of  the  Allantois  and  Amnion. 

The  development  and  structure  of  the  altantois  and  amnion  have  already 
been  dealt  wiUt  at  Biiffidetit  length  in  the  chapters  on  Aves  and  Mammalia; 
but  a  few  words  as  to  the  origin  of  these  parts  will  not  be  out  of  place 
here. 

The  Allantois<  The  relatioos  of  the  allantois  to  the  adjoiniog  organs, 
and  the  couvendoQ  of  its  stalk  into  the  bladder,  afford  ample  evidence  that 
it  has  taken  its  origin  from  a  urinary  bladder  such  as  is  found  in  Amphibia. 
We  have  in  tracing  the  origin  of  the  allantois  to  deal  with  a  case  of  what 
Dohrn  would  call  'change  of  function.'  The  allantois  is  in  fact  a  urinary 
bladder  which,  preeoeunulif  developed  and  enormoualy  extended  in  the 
embryo,  has  acquired  respiratory  (Sauropsida)  and  nutritive  (Mammalia) 
functions.  No  form  is  known  to  have  been  preserved  with  the  allantois  in 
a  transitional  state  between  an  ordinary  bladder  and  a  large  vascular  sack. 

The  advantage  of  secondary  respiratory  organs  during  festal  life,  in 
addition  to  the  yolk-sack,  is  evinced  by  the  &ct  that  such  organs  are  very 
widely  developed  in  the  Ichthyojtsida.  Thus  in  ElanmobTanchii  we  have 
the  external  gills  {cf.  p.  51).  Amongst  Amphibia  we  have  the  tail  modified 
to  be  a  respiratory  organ  in  Fipa  Americana;  and  in  Notodelphis,  Alytes, 
and  Cncil^  compreasicanda  the  external  gills  are  modified  and  enlu-ged 
for  respiratory  purposes  within  the  egg  (cf.  pp.  1 16  and  US). 

This  Amnion.  The  origin  of  the  amnion  is  more  difficult  to  explain 
than  that  of  the  allantois;  and  it  does  not  seem  possible  to  derive  it  from 
any  pre-existing  organ. 

It  appears  to  me,  however,  very  probable  that  it  was  evolved  pari 
paant  witii  the  allantois,  as  a  simple  fold  of  the  somatopleore  round  the 
embryoy  into  which  the  allantois  extended  itself  as  it  increased  in  size  and 
became  a  respiratory  organ.  It  would  be  obviously  advantageous  for  such 
a  fold,  having  once  started,  to  become  larger  and  Ini^r  in  order  to  give 
more  and  more  room  for  the  allantois  to  spread  into. 

The  continued  increase  of  this  fold  would  lead  to  its  edges  meeting  on 
the  dorsal  side  of  the  embryo,  and  it  is  easy  to  conceive  t^t  they  might 
then  coalesce. 
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To  afibrd  room  for  the  allantoifl  close  to  the  nurfuce  of  the  egg, 
vhere  respir&tion  could  most  advantageous] 7  be  earned  on,  it  would  be 
convenient  that  the  two  himiute  of  the  amnion^tbe  trae  and  &lse  am- 
nion— should  then  separate  and  leave  a  free  space  above  the  embryo,  and 
thus  it  may  have  come  about  that  a  separation  final];  takes  place  between 
the  true  and  false  amnion. 

This  explanation  of  the  origin  of  the  amnion,  though  of  course  hypo- 
thetical, has  the  advantage  of  suiting  itself  in  most  points  to  the  actual 
ontogeny  of  the  organ.  The  main  difficulty  is  tlie  early  development  of 
the  bead-fold  of  the  amnion,  since,  from  the  position  of  the  allantoia,  it 
might  have  been  anticipated  that  the  tail-fold  would  be  the  first  foi'ined 
and  moat  important  fold  of  the  amnion. 
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CHAPTER    XII. 


OBSERVATIONS  ON  THE  ANCESTRAL  FORM  OF 
THE  CHORDATA. 


The  present  section  of  this  work  would  not  be  complete  without 
8ome  attempt  to  reconstruct,  from  the  materials  recorded  in  the 
previous  chaptera,  and  from  those  supplied  by  comparative  anatomy, 
the  cbaracters  of  the  ancestors  of  the  Cbordata  ;  and  to  trace  as  far 
as  possible  from  what  invertebrate  stock  this  ancestor  was  derived. 

The  second  of  these  questions  has  been  recently  dealt  with  iu  a 
very  suggestive  manner  by  both  Dobm  (No.  250)  and  Semper  (Noa. 
255  and  256),  but  it  is  still  so  obscure  that  I  shall  refrain  from  any 
detailed  discussion  of  it. 

While  differing  rery  widely  in  many  points  both  Dohm  and  Semper 
hare  arrived  at  the  view,  already  tentatively  put  forward  by  earlier 
auatomiKts,  that  the  neai-est  allies  of  the  Chordatu  are  to  be  sotight  for 
amongst  the  Chfetopoda,  and  that  the  dorsnl  surface  of  the  Chordata  with 
the  s]iinal  cord  currespoiids  niorph illogical) j  with  the  ventral  siirfnce  of 
the  Cbwtopodii  with  the  ventral  ganglion  chain.  In  discuasing  this  subject 
some  time  ago'  I  suggested  that  we  must  look  for  the  ancestors  of  the 
Chordata,  not  in  allies  of  the  present  Chtebipoda,  but  in  a  stock  of  segmented 
forma  descended  from  the  same  unaegmented  types  a8  the  Chtetopoda,  but 
in  which  two  lateral  nerve-cords,  like  those  of  Ntmertines,  coalesced  doi-sally, 
instead  of  ventrally  to  I'urm  a  median  nervous  coi'd.  This  group  of  forms, 
if  my  suggestion  sa  to  itti  exisb^uce  is  wrll  founded,  appears  now  to  have 
perished.  The  recent  researches  of  Hubrecfat  on  the  anatomy  of  the 
NemertineM*  have,  Imwever,  added  somewhat  to  the  probability  of  my  views, 
in  that  they  iihew  that  iu  some  existing  Neuiertinea  the  nerve-corda 
approach  each  other  vety  closely  in  the  dorsal  line. 

With  reference  to  the  characters  of  the  ancestor  of  the  Cliordata 
the  following  pt^es  contain  a  few  tentative  suggestions  rather  tliaii 

1  monograph  on  Iht  drrilopmeni  ofElatmobrancb  Fithf,  pp.  170—173. 

'  Hnbiecht,  "  Zar  Aaat.  n.  Phjs.  d.  NerreDEystemB  der  Nemertinen."  A'iin.  Akad. 
Will.  Amtlerdam:  and  "  ReRearcheB  on  the  NervouR  Sjntein  of  Nemeitines.''  Quart. 
.Juurn.  o/31icr.  Scifiice,  letlO. 
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an  attempt  to  deal  with  the  whole  subject ;  while  the  origin  of  certaiu 
of  the  organs  is  dealt  with  in  a  more  special  manner  in  the  chapters 
on  organogeny  which  form  the  second  part  of  this  work. 

fiefore  entering  upon  the  more  special  siiliject  of  this  chapter, 
it  will  be  convenient  to  clear  the  ground  by  insisting  on  a  few 
morpholt^ical  conclusions  to  be  drawn  froni  the  study  of  Amphioxua, 
— a  form  which,  although  probably  in  some  respects  degenerate,  ia 
nevertheless  capable  of  furnishing  on  certain  poiuts  very  Valuable 
evidence. 

(1)  In  the  first  place  it  is  clear  from  Amphioxus  that  the  ancestors 
of  the  Chordata  were  segmented,  and  that  their  mesoblast  waa  divided 
into  myotomes  which  extended  even  into  the  region  in  front  of  the 
mouth.  The  mesoblast  of  the  greater  part  of  what  is  called  the  head 
in  the  Vertebrata  proper  wad  therefore  segmented  like  that  of  the 
trunk. 

(2)  The  only  internal  skeleton  present  was  the  unsegmeuted 
notochord — a  fact  which  demonstrates  tliat  the  skeleton  is  of  com- 
paratively little  importance  for  the  solution  of  a  large  number  of 
fundamental  questions,  as  for  example  the  point  which  has  been 
mooted  recently  as  to  whether  gill-clefta  existed  at  one  time  in  iront 
of  the  present  mouth  ;  and  for  this  reason  l— that  from  the  evidence 
of  Amphioxus  and  the  lower  Vertebrata'  it  is  clear  that  such  clefts,  if 
they  ever  existed,  }iad  at<'ophied  completely  before  the  formation  of 
cartilaginous  branchial  bars;  so  that  any  skeletal  structures  id  front 
of  the  mouth,  which  have  been  interpreted  by  morphologists  as 
branchial  bars,  can  never  have  acted  in  supporting  the  walls  of 
branchial  clefts. 

(3)  The  region  which,  in  the  Vertebrata,  forms  the  cesopht^us 
and  stomach,  was,  in  the  ancestors  of  the  Chordata,  perforated  by  gill- 
clefts.  This  fact,  which  has  been  clearly  pointed  out  by  Gegenbaur, 
is  demonstrated  by  the  arrangement  of  the  gill-clefts  iu  Amphioxus, 

'  The  greater  part  of  the  branchial  skeleton  o(  PetiomjzoQ  appears  eleftriy  to 
belong  to  sn  extra-brancbial  sjatem  much  more  euperficiaUj  situated  than  the  true 
branchial  bars  of  the  higher  forma.  At  ibe  game  time  there  is  no  donbt  tbat  ceitain 
parte  of  the  skeleton  ol  the  adult  Lamprey  have,  as  puinted  out  b;  Uaxley,  strikinK 
points  of  resemblanoe  to  parts  of  a  trne  mandibular  and  hyoid  arches.  Further  em- 
bryological  evidence  is  required  on  the  subject,  hut  the  statements  on  this  head  on 
p.  69  ooght  to  be  qualified. 

Should  Huxle;'s  views  on  tbie  tubject  be  fioally  proved  correct,  it  is  probable  that, 
tak'j^  into  consideration  the  leeemblonce  of  tbeee  skeletAl  parts  in  the  Tadpole  to 
those  in  the  Lamprey,  the  cartilaginoua  mandibular  bar,  before  being  in  any  way 
modified  to  form  true  jaws,  bec&me  secondarily  adapted  to  support  a  euntorial  moulb, 
and  that  it  subbcqaeiitl]'  became  converted  into  the  true  jaws.  Thus  the  evolution  of 
UllB  bar  in  the  Frog  would  be  a  true  repetition  of  the  ancestral  history,  while  ita 
ontogeny  in  Elasmobranchii  and  other  types  would  be  much  abbreviated.  Tor  a  fnller 
statement  on  this  point  1  must  reler  the  reader  to  the  chapter  on  the  skull. 

It  is  difficult  to  believe  that  the  posterior  branchial  bars  could  have  coexisted 
with  sueh  a  highly  developed  branchiat  skeleton  as  that  in  Petromyzon,  so  that  the 
absence  of  the  posterior  branchial  bars  in  Petramyzou  receives  by  far  its  moFt 
plaObible  explanation  ou  the  suppoHition  that  Petromyzon  is  descended  from  a  ver- 
tebrata stock  iu  which  true  branchial  bars  had  not  been  evolved. 
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and  by  the  distribution  of  tbe  vagus  uecve  in  the  Vertebrata'.  On 
the  other  hand  the  insertion  of  the  liver,  which  was  probably  a  very 
primitive  organ,  appears  to  indicate  with  approximate  certainty  the 
posterior  limit  of  the  branchial  clefts. 

With  these  few  preliminary  observations  we  may  para  to  the 
main  subject  of  this  section.  A  fundamental  question  which  presents 
itself  on  the  threshold  of  our  enquiries  is  the  differentiation  of  the 
head. 

In  the  Chsetopoda  the  head  is  formed  of  a  preeoral  lobe  and  of  the 
oral  segment  -,  while  in  Arthropods  a  sMnewhat  variable  number  of 
segments  are  added  behind  to  this  primitive  bead,  uid  form  with  it 
what  may  be  called  a  secondary  compound  head.  It  is  fairly  clear 
that  the  section  of  the  trunk,  which,  in  Amphioxus,  is  perforated  by 
the  visceral  clefts,  has  become  the  head  in  the  Vertebrates  proper, 
80  that  the  latter  fonns  are  provided  with  a  secondary  head  like 
that  of  Arthropods.  There  remain  however  difGcult  questions  (1)  as 
to  the  elements  of  which  this  head  is  composed,  and  (2)  as  to  the 
extent  of  its  ditferentiation  in  tbe  ancestors  of  the  Chordata. 

In  Arthropods  and  Chcetopods  there  is  a  very  distinct  element  in 
the  head  known  as  the  procephalic  lobe  in  the  case  of  Arthropods, 
and  the  prceoral  lobe  in  that  of  Chsetopods ;  and  this  lobe  is  especially 
characterized  by  the  fact  that  the  supnuBsophageal  ganglia  and  optic 
organs  are  formed  as  diEFerentiations  of  part  of  the  epiblast  covering 
it.  Is  such  an  element  to  be  recognized  in  the  head  of  the  Chordata? 
From  a  superficial  examination  of  Amphioxus  the  answer  would 
undoubtedly  be  no;  but  then  it  has  to  be  borne  in  mind  that  Amphi- 
oxus, in  correlation  with  itshabit  of  burying  itself  in  sand,  is  especially 
degenerate  in  tbe  development  of  its  sense-oi^ans ;  so  that  it  is  not 
difficult  to  believe  that  its  pneoral  lobe  ma.y  have  become  bo  reduced 
as  not  to  be  recc^nizable.  In  the  true  Vertebrata  there  is  a  portion 
of  the  head  which  has  undoubtedly  many  features  of  the  prmoral 
lobe  in  tbe  types  already  alluded  to,  viz.  tbe  part  containing  the 
cerebral  hemispheres  and  the  thalajnencephEdon.  If  there  is  any 
part  of  the  brain  homologous  with  the  supracesophageal  ganglia  of 
the  Invertebrates,  and  it  is  difficult  to  believe  there  is  not  such  a 
part,  it  must  be  part  of,  or  contain,  the  fore-brain.  Tbe  fore-brain 
resembles  tbe  supraresophageal  ganglia  in  being  intimately  connected 
in  its  development  with  the  optic  organs,  and  in  supplying  with  nerves 
<«dy  organs  of  sense.  Its  connection  with  the  olfactory  oigans  is  an 
argument  in  the  same  direction.  Even  in  Amphioxus  there  is  a 
smalt  bulb  at  the  end  of  the  nervous  tube  supplying  what  is  very 

'  The  eitensien  forwarde  in  the  Vertebrata  of  an  nninlermpted  body -cavity  into 
the  resion  previously  occupied  by  risceral  clertB  preaentif  no  diffienlty.  la  Amphioina 
tha  true  bodj-oBTlty  eitends  forwards,  more  or  lesfl  divided  by  the  bronBhiftl  clettR,  for 
the  whole  length  of  the  branchial  region,  and  in  embryos  of  the  lower  Vertebrata  there 
k  a  section  of  the  body-cavity— the  eO'Called  head-oavitieB^^betneen  each  pair  of 
ponohee.    On  the  disappearanee  of  the  poncbes  all  these  parts  would  natnrally  ooalcsc* 
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probably  the  homologue  of  the  olfactory  organ  of  the  Vertebrata; 
and  it  is  quite  possible  that  this  bulb  is  the  reduced  rudiment  of 
what  forms  the  fore-brain  in  the  Vertebrata. 

The  evidence  at  our  disposal  appears  to  me  to  indicate  that  the 
third  nerve  belongs  to  the  cranio-spinal  series  of  segmental  nerves, 
while  the  optic  and  olfactory  nerves  appear  to  me  equally  clearly 
not  to  belong  to  this  series'.  The  mid-brain,  as  giving  origin  to  the 
third  nerve,  would  appear  not  to  have  been  part  of  the  ganglion  of 
the  prseoral  lobe. 

These  considerations  indicate  with  fair  probability  that  the  part 
of  the  head  containing  the  fore-brain  is  the  equivalent  of  the  pneoral 
lobe  of  many  Invertebrate  forms;  and  the  primitive  position  of  the 
Vertebrate  mouth  on  the  ventral  side  of  the  head  am>rds  a  distinct 
support  for  this  view.  It  inuet  however  be  admitted  that  this  part 
of  the  head  is  not  sharply  separated  in  development  from  that  behind  ; 
and,  though  the  fore-brain  is  usually  differentiated  very  early  as  a 
distinct  lobe  of  the  primitive  nervous  tube,  yet  that  such  difierentia- 
tion  is  hardly  more  marked  than  in  the  other  parts  of  the  brain.  The 
termination  of  the  notochord  immediately  behind  tJie  fore-brain  is, 
however,  an  argument  in  favour  of  the  morphological  distinctness 
of  the  latter  structure. 

The  evidence  at  our  disposal  appears  to  indicate  that  the  posterior 
part  of  the  head  was  not  differentiated  from  the  trunk  m  lower 
Chordata ;  but  that,  as  the  Chordata  rose  in  the  scale  of  development, 
more  and  more  centralising  work  became  thrown  on  the  anterior  part 
of  the  nervous  cord,  and  part  passu  this  part  became  diffei-entiated 
into  the  mid-  and  hind-brain.  An  MiaJogy  for  such  a  differentiation  is 
supplied  in  the  compound  subcesoph^eal  ganglion  of  many  Arthro- 
pods ;  and,  as  will  be  shewn  in  the  chapter  on  the  nervous  system,  there 
is  strong  embryological  evidence  that  the  mid-  and  hind-brains  had 
primitively  the  same  structure  as  the  spinal  cord.  The  head  ap- 
pears however  to  have  suffered  in  the  course  of  its  differentiation  a 
great  concentration  in  its  posterior  part,  which  becomes  progressively 
more  marked,  even  within  the  limits  of  the  surviving  Vertebrata. 
This  concentratiou  is  especially  shewn  in  the  structure  of  the  vi^us 
nerve,  which,  as  first  pointed  out  by  Gegenbaur,  bears  evidence  of 
having  been  originally  composed  of  a  great  series  of  nerves,  each 
supplying  a  visceral  cleft.  Rudiments  of  the  posterior  nerves  still 
remain  as  the  hranches  to  the  oesophagus  and  stomaeh'. 

The  atrophy  of  the  posterior  visceral  clefts  seems  to  have  taken 
place  simultaneously  with  the  concentration  of  the  neural  part  of  the 
head ;  but  the  former  process  did  not  proceed  so  rapidly  as  the  latter, 

>  MftrehuU,  id  hia  roliikble  paper  od  tbe  derelopmeiit  of  the  olUxXtay  orgOD,  (akea 
a  very  different  view  of  tius  Bnbject.  For  a  discassian  of  this  view  I  mart  refer  the 
reader  to  the  chapter  on  the  nervoas  B7item. 

*  The  lateral  brBDoh  of  the  vague  oerre  probiAly  became  diflerentialed  in  ooimec- 
tion  with  the  lateral  line,  which  eeemB  to  bare.  fa«Mi  fint  [onoed  in  the  head,  and 
Babiteqaently  to  have  extended  into  the  trunk  ^vide  section  on  Lateral  Line). 


jiGoogle 


•2C,2 


TIIK    MKDULLARY  CAXAL. 


so  that  the  visceral  region  »f  the  head  is  longer  in  the  lower  Vcrte- 
brata  than  the  neural  region,  and  is  darsally  overlapped  by  the 
anterior  part  of  the  spinal  con!  and  the  anterior  muscle-ptates  {vide 
fig.  +7). 

On  the  above  view  the  posterior  part  of  the  head  must  have  been 
originally  composed  of  a  series  of  somites  like  those  of  the  trunk,  but 
in  existing  Vertebrata  all  trace  of  these,  except  in  so  far  as  they  are 
indicated  by  the  visceral  clefts,  has  vanished  in  the  adult.    The  cranial 
nerves  however,  especially  in  the  embryo,  still  indicate  the  number 
of  anterior  somites ;  and  an  embryonic  segmentation  of  the  mesoblast 
ha?  also  been  fonnd  in  many  lower  forms  in  the  region  of  the  head, 
giving  rise  to  a  series  of  cavities  known  a5  head-cavities,  enclosed  by 
inesobtastic  walls  which  afterwards  break  up  into   muscles.     These 
cavities  correspond  with  the  nerves,  and  it  appears  that  there  is  a 
pnemandibularcavity  corresponding  with  the  third  nerve  (fig.  193,  Ipp) 
and  a  mandibular  cavity  {'2,j>p)  and  a 
cavity  in  each  of  the  succeeding  vis- 
ceral arches.      The   fifth   nerve,   the 
seventh   nerve,  the  glossopharyngeal 
r  nerve,  and  the  successive  elements  of 

the  vagus  nerve  correspond  with  the 
posterior  head-cavities. 

The  medollarT  canaL    The  ge- 
i  neral   history  of  the  medullary  plate 

soems  to  point  to  the  conclusion  that . 
the  central  canal  of  the  nervous  system 
ha-s  been  formed  by  a  groove  having 
appeared  in  the  ancestor  of  the  Chor- 
data  along  the  median  dorsal  line, 
which  caused  the  sides  of  the  nervous 
Fio.  193.  Tbanrtehsb  bectioh  plate,  which  was  placed  immediately 
__  below  the  skin,   or   may  perhap  at 

that  stage  not  have  been  distinctly 
differentiated  from  the  skin,  to  be  bent 
upwards ;  and  that  this  groove  sub- 
sequently became  converted  into  a 
canal.  This  view  is  not  only  sup- 
ported by  the  actual  development  of 
the  central  canal  of  the  nervous  system 
(the  types  of  Teleostei,   Lepidosteus 


The  BectioQ,  owing  to  tbe  cranial 
fleinre,  cats  botb  tb«  fore-  and  tbe 
hind-braiii.    It   ebews  the  prtem&n- 
dibnjar  dnd  mandibnlor  head-caTit' 
Ijip  and  2pp,  etc. 

fb.  fore-bmin ;   I.  lene  of  eje ; 
mouth;   pt.  opper   end    of  month, 
forming   pituitary   iovolutioD ;    \<w- 
mandibular  aortic  arcb ;    Ip,  ' 

2pp.  first  and  second  head.cavitieB;       '•'    ."    .T  ^  f  ^  ;    '.       '         *f      i_'\, 

lire,  firat  yiaceral  cleft;  V.  fifth  and  Petromyzon  being  undoubtedly 
nerve;  oun.  ganglion  of  auditory  secondary),  but  also  (1)  by  the  pre- 
nerve;  Vil.  eeventh  nerve;  aa  dor-  ^^^^^  „£  ^;^Y\&  in  the  epithelium  lining 
xalaorta;  oci'.anteriorcaTdiiiBl  vein;      ,,  ,  i     ii    '    i      -.     ^  c  ■- 

eh.  notochord.  ^^^  canal,  probably  inliented  from  cilia 

coating  the  external  skin,  and  (2)  by 
the  posterior  roots  arising  from  the  extreme  dorsal  line  (fig.  194), 
a  position  which  can  most  easily  be  explained  ou  the  supposition 
that  the  two  sides  of  the  plate,  from  which  the  nerves  originally 
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pi-oceeded  have  been  fulded  up  so  aa  to   meet   each   other  in   the 
median  dorsal  line'. 

The  medullary  plate,  before  becoming  folded  to  form  tLe  meduJlarv 
groove,  is  (except  in  Amphibia)  without 
any  indication  of  being  composed  of  two 
halves.  In  both  the  embryo  and  adult 
the  walla  of  the  tube  have  however  a 
structure  which  points  to  their  having 
arisen  from  the  coalescence  of  two  late- 
ral, and  most  probably  at  one  time  in- 
dependent, cords;  and  as  already  indi- 
cated this  is  the  view  I  am  myself  in- 
clined to  adopt;  vide  pp.  251  and  252.  , 

The  origrin  and  natnre  of  the  «. 
month.  The  most  obvious  point  con- 
nected with  the  development  of  the 
mouth  is  the  fact  that  in  all  vertebrate 
embryos  it  is  placed  ventrally,  at  some 
little  distance  from  the  front  end  of  the 
body.  This  feature  is  retained  in  the 
adult  st^e  in  Elasmobranchii,  the  Myx- 
inoids,  and  some  Ganoids,  but  is  lost  in 

other  vertebrate  forms.  A  m<»ith,  situ-  ,„.„.,...„„_„,  ,.  ^=i„„„> 
ated  as  is  the  embryonic  vertebrate  root  of  apiaai  nerve;  x.  eubnoto- 
.muuth,  is  very  ill  adapted  for  biting;  and  ohorfai  rod;  oo.  aorta;  «c.  so- 
though  it  acquires  in  thia  poaitio.  a  ^tw*":  t.SS"! 
distinctly  bitmg  character  in  the  Elas-  mp'.  portion  of  muscle-piate  c. 
mobranchii,  yet  it  is  almost  certain  that 
it  had  not  such  a  character  in  the 
ancestral  Chordata,  and  that  its  terminal 
position  in  higher  types  indicates  a  step 
in  advance  of  the  Elasmobranchii. 

On  the  structure  of  the  primitive  mouth  there  appears  to  me  to 
be  some  interesting  embryolc^cal  evidence,  to  which  attention  has 
already  been  called  in  the  preceding  chapters.  In  a  large  number 
of  the  larvae  or  embryos  of  the  lower  Vertebrates  the  mouth  has  a 
more  or  leea  distinctly  suctorial  character,  and  is  connected  with 
suctorial  organs  which  may  be  placed  either  in  front  of  or  behind  it. 
The  more  important  instances  of  this  kind  are  (1)  the  Tadpoles  of 
the  Anura,  with  their  posteriorly  placed  suctorial  disc,  (2)  Lepidosteus 
larva  (fig.  195)  with  its  anteriorly  placed  suctorial  disc,  (3)  the 
adhesive  papillae  of  the  larvee  of  the  Tunicata.  To  these  may  be 
added  the  suctorial  mouth  of  the  Myxinoid  fishes'. 

'  Vidt  for  fnrtbei  details  the  ohaptai  on  the  nenona  BjBtein. 

*  The  eiiating  Mjiinoid  Fiebes  are  ao  doabt  d^eneiate  tj^i,  aa  was  first  clearly 
pointed  OQt  by  Dobm;  bnt  at  the  &ame  time  (althongh  Dohm  does  not  abare  this  view) 
it  appean  to  me  almoBt  oertnin  that  the;  are  the  remnanta  ot  a  large  and  very 
primitiye  group,  which  have  very  likely  b«en  preaerred  owing  to  their  paraaitic  or 


(If.  ncnral  canal ;  pr.  poeti 


lerted  into  miiBcle;  Vv.  portion 
of  the  vertebral  plate  which  will 
gire  rise  to  the  vertebral  bodiea; 
al.  alimentaiy  tract. 
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All  these  considerations  point  to  the  conclusion  that 
in  the  ancentral  Chordata  the  mouth  had  a  more  or  less 
definitely  suctorial  character',  and  was  placed  on  the  ven- 
tral surface  inkmediatelj  behind  the  praeoral  lobe;  and 
that  this  mouth  has  become  in  the  higher  types  gradually 
modified  for  biting  purposes,  and  has  been  carried  to  the 
front  end  of  the  bead. 

The  mouth  in  Elasmobranchii  and  other  Vertebrates  is  originally 
a  nide  somewhat  rhomboidal  cavity  (fig.  2S  G) ;  on  the  development 
of  the  mandibular  and  its  maxillary  (pterygo-quadrate)  process  the 
opening  of  the  mouth  becomes  narrowed  to  a  slit  The  wide  con- 
dition of  the  mouth  may  not  improbably  be  interpreted  as  a  remnant 
of  the  suctorial  state.  The  fact  that  no  more  definite  remnants  of 
the  suctorial  mouth  are  found  in  so  primitive  a  group  as  the  Elas- 
mobranchii  is  probably  to  be  e^iplained  by  the  fact  that  the  members 
of  this  group  undergo  an  abbreviated  development  within  the  egg. 

While  the  emliry olo^cal  data  appear  to  me  to  point  to  the  existence  of  a 
primitive  suctorial  mouth,  very  different  conclusions  have  been  put  forward 
by  other  embryotogists,  more  especially  by  Duhm,  which  are  i^ufficiently 
Btrlkiug  aud  suggestive  to  merit  a  further  discussion. 

As  mentioned  above,  both  Dohm  and  Semper  hold  that  the  Vertebrata 
are  deeceuded  from  Chteto|xid- 
like  forms,  in  which  the  ventral 
surface  has  become  the  dorsal 
In  consequence  of  this  view 
Dohm  has  arrived  at  the  follow- 
ing conclusions  ;  { I )  that  primi- 
_  tively  the  alimentary  canal  per- 

,  fornbed  the  nervous  system  iu 
the  i-egiou  of  the  original  ceso- 
phageal  nerve-ring ;  (2)  that 
there  was  therefore  an  original 
dorsal  mouth  (the  present  ven- 
tral mouth  of  the  Chtetopoda)  ; 
'^  and  (3)  that  the  present  mouth 

was  secondary  and  derived  from 
two  visceral  clefts  which  have 
veutrally  coalesced. 
'     A  full   discussion  of  these 
m.  mouth;  op.  eye;  id.  euotorial  diec,  v!»wb'  is  not  within  the  BCO[>e 

semiparasitic  habits;  much  in  tbe  eame  way  an  many  of  the  Inaectivora  haTO  heen 
preserred  owing  (o  their  snbterranean  habits.  I  am  acqaaioted  with  no  eTidenoe, 
embryological  or  otherwise,  that  they  are  degraded  gnathostomatoua  forms,  and  tbe 
Rrcmp  probably  disappeared  as  a  whole  from  its  incapacity  to  compote  BuocessfoUy  with 
Vertebrata  in  which  tme  jaws  had  became  developei 

'  I  do  not  conceive  that  the  existence  of  suctorial  atmotnres  □eoeBaariiy  implies 
parasitic  habits.  Tbey  might  be  aaed  for  Tarions  parpoaes,  eapeciallj  br  pradaceooa 
forma  not  provided  with  jaws. 

'  For  a  partial  disonaaion  of  thin  subject  I  would  refer  the  reader  to  my  Moaooraph 
nn  FlatmiAranch  Fiihei,  pp.  1B6— 172. 
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of  thia  work ;  but,  while  recognising  that  tliere  is  much  to  be  BHid  ia  favour 
of  the  interdiange  of  the  dorsal  and  ventral  surfaces,  I  am  still  inclined 
to  bold  that  the  difficulties  involved  in  this  view  are  so  great  that  it  must, 
provisionally  at  least,  be  rejected ;  and  that  thei-e  are  therefore  no  reasons 
^lainst  BuppoBiag  the  present  vertebrate  mouth  to  be  the  primitive  mouth. 
There  ia  no  embryologioal  evidence  in  favour  of  the  view  adopted  by 
Dohni  that  the  present  mouth  was  formed  by  the  coalescence  of  two  clefts. 

If  it  is  once  admitted  that  the  present  mouth  is  the  primitive  mouth, 
and  is  more  or  lees  nearly  in  its  original  situation,  very  strong  evidence 
will  be  required  to  shew  that  any  structurea  originally  situated  in  front 
of  it  are  the  remnants  of  visceral  clefts ;  and  if  it  should  be  proved  that 
such  renmanta  of  visceral  clefts  were  present,  the  views  so  far  arrived  at 
in  this  section  would,  I  think,  have  to  be  to  a  large  extent  reconsidered. 

The  nasal  pits  have  been  supposed  by  Dohm  to  be  remnants  of  visceral 
clefts,  and  this  view  has  been  maintained  in  a  very  able  manner  by  MarehalL 
The  arguments  of  Marshall  do  not,  however,  appear  to  me  to  have  any 
great  weight  unless  it  is  previously  granted  that  there  ia  an  sjiteoedent 
probability  in  favour  of  the  presence  of  a  pair  of  gill-clefts  in  the  poaitioq  of 
the  nasal  pits ;  and  even  then  the  development  of  the  nasal  pits  as  epiblaetic 
involutions,  iustead  of  h3r7)oblastic  outgi'owtha,  is  a  serious  difficulty  which 
haa  not  in  my  opinion  been  sucoeasfully  met.  A  further  argument  of 
Marshall  from  the  supposed  segmental  nature  of  the  ol&otory  nerve  has 
already  been  spoken  of. 

While  most  of  the  structures  auppoaed  to  be  remains  of  gill-clefts  in 
front  of  the  mouth  do  not  apjwar  to  me  to  be  of  this  nature,  there  is  one 
organ  which  stands  in  a  more  doubtful  category.  This  organ  is  the  so- 
called  choroid  gland.  The  similarity  of  this  organ  to  the  pseudo-branch 
of  the  mandibular  or  hyoid  arch  was  pointed  out  to  me  by  Dohm,  and 
the  suggestion  was  made  by  him  that  it  is  the  remnant  of  a  pneman- 
dibular  gill  which  has  been  retained  owing  to  its  functional  connection 
with  the  eye'.  Admitting  this  explanation  to  be  true  (which  however  is  by 
no  means  certain)  are  we  necessarily  compelled  to  hold  that  the  choroid 
gland  is  the  remnant  of  a  gill-cleft  originally  situated  in  front  of  the 
mouth  1  I  believe  not.  It  is  easy  to  conceive  that  there  may  originally 
have  been  a  proemandibular  cleft  behind  the  suctorial  mouth,  but  that  this 

'  The  probability  of  the  choroid  gland  having  the  meaning  attribute!!  to  it  1^ 
Dohm  iB  atiengthened  b;  the  eiistenoo  of  a  priemaiidibiiUr  segment  as  evidenced  bv 
the  presence  of  a  prffimandibnlar  bead-cavit;,  the  walls  of  which  lu  shewn  b;  Marahalt 
and  myself  i^ve  rise  to  the  majority  of  the  eye-mnsclee  and  of  a  nerve  (the  thiid  nerve, 
of,  MftTBhall)  correaponding  to  it ;  bo  that  these  parts  together  with  the  ohoroid  gland 
may  be  rudiments  belonging  to  the  same  segment.  On  the  other  band  the  absence  of 
the  choroid  gland  m  Oanoidei  and  ElaBmabranctiii,  vhere  a  mandibular  pseudo- branch 
is  sresent,  eonpled  vith  the  absence  of  a  mandibular  pseudo-branch  in  Teleostci  where 
alone  a  choroid  gland  is  present,  renders  the  above  view  about  the  choroid  gland 
somewhat  doubtful.  A  tboroagh  investigation  of  the  ontogeny  of  the  choroid  gland 
might  throw  further  light  on  this  interesting  question,  but  I  think  it  not  impcesibte 
that  the  choroid  gland  may  b«  nothing  else  bnt  the  modified  mandibviar  pseudo-branch, 
a  view  which  Sts  in  very  well  with  the  relations  of  the  vessels  of  the  Elasmobrsnoh 
mandibular  pseudo-branch  to  the  choroid.  For  the  relations  and  stmctme  of  the 
ohoroid  gland  eide  F.  Miiller,  Vergl.  Anal.  Myxinoidtn,  Part  III.  p.  B3. 

It  is  possible  that  the  foiuih  nerve  and  the  superior  oblique  mnade  of  the  eye  which 
it  sapplies  may  be  the  last  remaining  remnants  of  a  second  promondibular  segment 
originally  situated  between  the  segment  of  (he  third  nen-e  and  that  of  the  fifth  nerve 
(mandibular  segment). 
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cleft  gnuJually  atrophied  (for  the  same  rraHotis  that  the  mandibular  cleft 
shews  a  tendency  to  atrophy  in  existing  tisheR,  die),  the  rudiment  of  the  gill 
(choroid  gland)  alone  remaining  to  mark  its  Hituation.  Afttr  the  disap- 
pearance of  this  cleft  the  auctorinl  mouth  may  have  become  relatively 
shifted  backwardH.  In  the  meantime  the  branchial  bars  became  developed, 
and  as  the  mouth  was  changed  into  a  biting  one,  the  bar  (tHe  mandibular 
arch)  supporting  the  then  first  cleft  became  gradually  modified  and  converted 
into  a  Biipporting  apparatus  for  the  mouth,  and  finally  formed  the  skeleton 
of  the  jaws.  In  the  hyostylic  Vertebrata  the  hyoid  arch  also  became 
rondilied  in.  connection  with  the  formation  of  the  jaws. 

The  concluaiona  arrived  at  may  be  summed  up  as  follows: 
The  relations  which  exist  in  all  jaw-bearing  Vertebrates  between 
the  mandibular  arch  and  the  oml  aperture  are  secondary,  and  arose 
pari  passu  with  the  evo- 
lution of  the  jaws'. 

The  cranial  fleznre 
and  the  form  of  the  head 
in  vertebrate  embiyos. 
All  embiyologists  who  have 
studied  the  embryos  of  the 
various  vertebrate  gixsuiis 
have  been  struck  with  the 
remarkable  similarity  which 
exists  between  them,  more 
es]>ecia11y  as  concerns  tlie 
form  of  the  head.  Tbissimi- 
larity  is  closest  between  the 
members  of  the  AmniotH, 
but  thei-e  is  also  a  very 
marked  resemblance  between 
•  the  Amniota  and  the  Elas- 

mobranchii.  The  jieculiarity 
in  question,  which  is  charac- 
teristically shewn  in  fig.  196, 
consists  ill  the  cerebi-al  heroi- 
-''^~~-  ,-■■  '      _,  .  spheres  and  thalamencepha- 

--  -  '  Ion  being  ventrally  Sexed  to 

such  an  extent  that  the  mid- 
brain forms  the  termination 
of  the  long  axis  of  the  body. 
At  a  later  period  in  deve- 
lopment the  cerebral  hemi- 
spheres come  to  be  placed 
at  the  front  end  of  the  head ; 
but  the  original  nick  or  bend 
of  the  floor  of  the  brain  is 
never  got  rid  of. 

It    is    obvious    that    in 
dealing  with  the  light  throwu 


Fio.  106.    The  i 
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A.  PristinniH  eioliryi)  of  tlie  aj 
38  F.    B.   Somewhat  oldei  SojUiu 

III.  third  nerve;  V.  fifth  neiv 
nerve;  au.n.  auditor;  nerve;  gl.  \ 
nerve;  Vg.  vBgna  nerve;  fb.  toi 


a  stafte  as  fig. 

VII.  Beventh 

ssophaiyngeal 

rain;  pn.  pineal 


gland;  ™ j.  niid-brain ;  Jib.  hind-brain; 
ventricle;  cb.  cerebellani;  oi.  olfactnr.  .  ,  , 
eje;  uu.K.  anditorj  vesicle;  m.  mesoblaet  at  base 
of  brain;  cb.  Qolochoi'd;  ht.  heart;  Vc.  vieceial 
cleftH;  tg.  eiternal  gille;  pp.  sectionH  of  bodj- 
cavit;  in  the  bend. 

'  I  do  not  mean  to  eielade  the  poB«ibility  of  the  mandibular  arch  having  sapported 
a  metonal  month  before  it  beoame  converted  into  a  pair  of  jawi. 
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by  embryology  on  tlie  ancratral  form  nf  the  Chordftta  tiie  significance  of 
this  peculiar  character  of  the  head  of  many  vertebrate  embryoa  must  be 
discussed.  la  the  constancy  of  this  character  to  be  explained  by  Hup]>oaing 
that  at  one  period  vertebrate  anceBtora  had  a  head  with  the  same  featnree 
as  the  embryonic  head  of  existing  Vertebrata  ) 

This  is  the  most  obvious  explanntion,  but  it  does  not  at  the  same  time 
appear  to  me  satisfactory.  In  the  first  place  the  mouth  is  so  situated  at 
the  lime  of  the  maximum  cranial  fiesure  that  it  could  hardly  have  been 
foDctionalj  so  that  it  is  almost  impossible  to  believe  that  an  animal  with  a 
head  such  as  that  of  these  embryos  can  have  existed. 

Then  again,  this  type  of  embryonic  head  is  especially  chai-acteristic  of  the 
Amniota,  all  of  which  are  developed  in  the  egg.  It  is  not  generally  so  niarkMl 
in  the  Ichthyopsida.  In  Amphibia,  Teleostei,  tianoidte  and  Petromyzontidie, 
the  head  never  completely  acquires  the  peculiar  characteiistic  form  of  the 
head  of  the  Amniota,  and  all  these  forms  are  hatched  at  a  relatively  much 
earlier  phase  of  developmRut,  so  that  they  are  leading  a  free  existence  at  a 
stage  when  the  embryos  of  the  Amniota  are  not  yet  hatched.  The  only 
Ichthyopsidan  tyjte  with  a  head  like  that  of  the  Amniota  is  the  Elasmo- 
brantdui,  and  the  Elasmobrauchii  are  the  only  Iclitbyojistda  which  undergo 
the  major  part  of  their  development  within  the  egg. 

Thtee  considerations  appear  to  shew  that  the  peculiar  characters  of  the 
embryonic  head  above  alluded  to  are  in  some  way  connected  with  an 
embryonic  as  opposed  to  a  larval  development ;  and  for  reasons  which  are 
expluined  in  the  section  on  larval  forms,  it  is  pi'obable  thnta  larval  develop- 
ment is  a  more  faithful  record  of  ancestral  history  than  an  embryonic 
development  The  flexure  at  the  base  of  the  btnin  appeara  however  to  be  a 
typical  vertebrate  character,  but  this  flexure  never  led  to  a  conformation  of 
the  head  in  the  adult  state  similar  to  that  of  the  embryos  of  the  Amniota. 
The  form  of  the  head  in  thene  embryos  is  probably  to  be  explained  by  sup- 
posing that  some  advantage  is  gained  by  a  relatively  early  development  of 
the  brain,  which  appears  to  be  its  proximate  cause  ;  and  since  these  embryoa 
had  not  to  lead  a  free  existence  (for  which  such  a  form  of  the  head  would 
have  been  unsuited)  there  was  nothing  to  interfere  with  the  action  of 
natural  selectionin  bring- 
ing about  this  form  nf 
head  during  fcetal  life. 

FoBt-anal  gut  and 
neiirenteric       canal     p„. 

One  of  the  most  re- 
markable structures  in 
the  trunk  is  the  post- 

SDal  gut  (fig.  197).   Its  ^ 

structure  is  fully  dealt 
with  in  the  chapter  on 
thealimentarytract.but 
attention  may  here  be 

calledtothelightwhich         Fio.  197.     Lonoitudihu,  sBcrioN  tbhodoh  m  i»" 
it  appears  to  throw  on     ^^'^  ^^1°  "J  ^"™™"",ii^'^^;^„ 
thecharactersofthean-         *"    """'  '   ""    '""""   '    '""''  "    "*""" 
cestor  of  the  Chordata. 


month;    on.   anna;    I.   liver;   ne.    nenrenterio 
;.  medaUarfoanal;  ch.  notoohord;  pn.  pineftl 
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In  face  of  the  facts  which  ore  known  with  reference  to  the  post-anal 
section  of  the  alimentary  tract,  it  can  hardly  be  doubted  that  thin 
portion  of  the  alimentary  tract  must  have  been  at  one  time  func- 
tional. This  seems  to  me  to  be  shewn  (1)  by  the  constancy  and 
persistence  of  this  obviously  now  fuuctionless  rudiment,  (2)  by  its 
greater  development  in  the  lower  than  in  the  higher  forma,  (3)  by 
its  relation  to  the  formation  of  the  notochunl  and  subnotochordal 
rod. 

If  the  above  position  be  admitted,  it  is  not  permissible  to  shirk 
the  conclusions  which  seem  necessarily  to  follow,  however  great  the 
difficulties  may  be  which  are  involved  in  their  acceptance.  These 
conclusions  have  in  part  already  been  dealt  with  by  Dohrn  in  his 
suggestive  tract  (No.  250).  In  the  first  place  the  aUmentary  canal 
must  primitively  have  been  continued  to  the  end  of  the  tail ;  and  if 
so,  it  is  hardly  credible  that  the  existing  anus  can  have  been  the 
original  one.  Although,  therefore,  it  is  far  from  easy,  on  the  physio- 
logical principles  involved  in  the  Darwinian  theory,  to  understand 
the  formation  of  a  new  anus';  it  is  nevertheless  necessary  to  believe 
that  the  present  vertebrate  anus  is  a  formation  acquired  within  the 

froup  of  the  Chordata,  and  not  inherited  from  some  older  group, 
his  involves  a  series  of  further  consequences.  The  opening  of  the 
urin<wenital  ducts  into  the  cloaca  must  also  be  secondary,  and  it  is 
probable  that  the  st^^ental  tubes  were  primitively  continued  along 
the  whole  post-anal  region  of  the  vertebrate  tail,  opening  into  the 
body-cavity  which  embryology  proves  to  have  been  originally  present 
there.  They  are  in  fact  continued  in  many  existing  forms  for  some 
distance  behind  the  present  anus.  If  the  present  anus  is  secondary, 
there  must  have  been  a  primitive  anus,  which  was  probably  situated 
behind  the  post-anal  vesicle ;  and  therefore  in  the  region  of  the  neu- 
renteric  canal.  The  neurenteric  canal  is,  however,  the  remnant  of  the 
blastopore  {vide  p.  230).  It  follows,  therefore,  that  the  vertebrate  blasto- 
pore is  probably  almost,  if  not  exaeUy  identical  in  position  with  the 
primitive  anus.  This  consideration  may  assist  in  explaining  the  re- 
markable phenomenon  of  the  existence  of  the  neurenteric  canal.  The 
attempt  has  already  been  made  to  shew  that  the  central  canal  of  the 
nervousaystem  is  really  a  groove  converted  into  a  tube  and  lined  by  the 
external  epidermis.  This  tube  (as  may  be  concluded  from  embryo- 
logical  considerations)  was  probably  at  first  open  posteriorly,  and  no 
doubt  terminated  at  the  primitive  anus.  On  the  closure  of  the 
primitive  anal  opening,  the  terminal  portions  of  the  post-anal  gut 
and  the  neural  tube,  may  conceivably  have  been  so  placed  that  both 
of  them  opened  into  a  common  cavity,  which  previously  had  commu- 
nication with  the  exterior  by  the  anus.  Such  an  arrangement  would 
necessanly  result  in  the  formation  of  a  neurenteric  canal.  It  seems 
not  impossible  that  a  dilated  vesicle,  often  present  at  the  end  of  the 
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post-anal  gwt  [mde  fig.  28*,  p.  48),  may  have  been  the  uommou  cavity 
into  which  both  neural  and  alimentary  tubes  opened'.  Till  further 
light  is  thrown  by  fresh  discoveries  upon  the  primitive  condition  of 
the  posterior  continuation  of  the  vertebrate  alimentary  tract,  it  is 
perhaps  fruitless  to  attempt  to  work  out  more  in  detail  the  above 
speculation. 

Body-cavity  and  mesoblastic  somites.  The  Chordata,  or  at 
least  the  most  primitive  existing  members  of  the  group,  are  charac- 
terized by  the  fact  that  the  body-cavity  ai-ises  as  a  pair  of  outgrowths 
of  the  archenteric  cavity.  This  feature'  in  the  development  ia  a  nearly 
certain  indication  that  the  Chordata  are  a  very  primitive  stock.  The 
most  remarkable  point  with  reference  to  the  development  of  the  two 
outgrowths  is,  however,  the  fact  that  the  dorsal  part  of  each  out- 
growth becomes  separated  from  the  ventral.  Its  walls  become 
segmented  and  form  the  mesoblastic  somites,  which  eventually,  on 
the  obliteration  of  their  cavity,  give  rise  to  the  muscle-plates  and  to 
the  tissue  surrounding  the  notochord.  It  is  not  easy  to  under- 
stand the  full  significance  of  the  processes  concerned  in  the  forma- 
tion of  the  mesoblastic  somites  {vide  p.  246),  The  mesoblastic  somites 
have  no  doubt  a  striking  resemblance  to  the  mesoblastic  somites 
of  the  Chsetopods,  and  most  probably  the  segmentation  of  the 
mesoblast  in  the  two  groups  is  a  phenomenon  of  the  same  nature; 
but  the  ditference  in  origin  between  the  two  types  of  mesoblastic 
somites  is  so  striking,  and  the  development  of  the  muscular  system 
from  them  is  so  dissimilar  in  the  two  groups,  as  to  render  a  direct 
descent  of  the  Chordata  from  the  Chsetopoda  very  improbable.  The 
ventral  parts  of  the  original  outgrowth  give  rise  to  the  permanent 
body-cavity,  which  appears  originally  to  have  been  divided  into  two 
parts  by  a  dorsal  and  a  ventral  mesentery. 

The  notochord.  The  most  characteristic  organ  of  the  Chordata 
is  without  doubt  the  notochord.  The  ontogenetic  development  of 
this  organ  probably  indicates  that  it  arose  as  a  differentiation  of  the 
dorsal  wall  of  the  archenteron ;  at  the  same  time  it  ia  not  perhaps 
safe  to  lay  too  much  stress  upon  its  mode  of  development.  Embryo- 
logical  and  anatomical  evidence  demonstrate,  however,  in  the  clearest 
manner  that  the  early  Chordata  were  provided  with  this  organ  as  their 
sole  axial  skeleton ;  and  no  invertebrate  group  can  fairly  be  regarded 
as  genetically  related  to  the  Chordata  tilt  it  can  be  shewn  to  possess 
some  organ  either  derived  from  a  notochord,  or  capable  of  having 

■  jU  pointed  oul  id  Vol.  i-  p.  211,  there  is  a  Btriking  eimilarity  betweea  the  history 
of  the  DeDieoterio  canal  in  Vertebmles,  and  the  hiatoTy  of  the  blastopore  and  ventral 
groove  as  described  b?  Kowalem^  in  the  larva  of  Chiton.  Mr  A.  Sedfrwick  has 
pointed  out  to  me  that  the  ciliatrd  ventnil  groove  in  Protoneomeuia,  which  cnntsins 
the  anas,  is  probably  the  faomologue  of  the  groove  foood  Id  the  larva  of  Chiton,  and 
not,  as  iiHuaily  supposed,  siinplj- the  foot.  Were  this  groove  to  be  converted  into  a  canal, 
on  the  sides  of  which  were  placed  the  nervous  ooi^  there  would  be  formed  a  precisely 
Himilar  nearenteric  canal  to  that  in  Vertebrata,  thoDRh  1  do  not  mean  to  suggest  that 
there  is  any  homology  between  the  two  {vidt  Habreoht,  '/.o<'l.  Anttiger,  1$80,  p,  6e»). 

'  ViAr  the  chapter  on  tbe  (^nniual  Layeii. 
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become  developed  into  a  notochord.  No  such  oi^^oii  Las  as  yet  beoa 
recognized  in  any  invertebrate  group'. 

Oill-clsfts.  Tlie  gill-clefts,  which  are  essentially  pouches  of  the 
throat  opening  externally,  constitute  extremely  characteristic  organa 
of  the  Chordata,  and  have  always  been  taken  into  consideration  in 
any  comparison  betvieen  the  Chordata  and  the  Invertebrata. 

AmoDgHt  the  Invertebrata  organs  of  undoubtedly  the  same  nature 
are,  so  far  as  I  know,  only  found  in  Balanoglossus,  where  they  were 
discovered  by  Kowalevsky.  The  resemblance  in  this  case  is  very 
striking;  but  although  it  is  quite  possible  that  the  gill-clefts  in  Balauo- 
glosaus  are  genetically  connected  with  those  of  the  Chordata,  yet  the 
organization  of  Balanoglossus  is  as  a  whole  so  different  from  that  of 
the  Chordata  that  do  comparison  can  be  instituted  between  the 
two  groups  in  the  present  state  of  our  knowledge. 

Other  orgnDB  of  the  luvertebrata  have  some  resemblance  to  the  gill  clefts. 
The  lateral  pita  of  the  Nemertiues,  which  appear  to  grow  out  as  a  pair  of 
u«ophagei)l  diverticula,  which  are  eventually  placed  in  com  muni  cation  with 
tbs  exterior  by  a  pair  of  ciliated  canals  {vide  Vol.  i.  pp.  161  and  166),  are 
such  organs. 

Semper  (So.  256)  has  made  the  interesting  discovery  that  in  the  budding 
of  Naia  and  Chnto^aster  two  lateral  miisses  of  cella,  in  each  of  which  a 
lumen  may  be  formed,  unite  with  the  oral  iayaginatioQ  and  primitive  alimen- 
tary canal  to  form  the  permanent  cephalic  gut.  The  latetul  masses  of  cells 
are  regarded  by  him  as  branchial  passages  homologous  in  some  way  with 
those  in  the  Choi'data.  The  somewhat  scanty  observations  on  this  subject 
which  he  has  recorded  do  not  appear  to  me  to  lend  much  support  to  this 
interpretation. 

It  is  prubable  that  the  part  of  the  alimentarj  tract  in  which  gill-clefta 
are  prcBeni  was  originally  a  simple  unperlbrated  tube  provided  with  highly 
vascular  walls  ;  and  that  respiration  was  carried  on  in  it  by  the  altemabj 
introduction  and  expulsion  of  sea  water,  A  more  or  less  ximilar  mode  of 
respiration  has  been  recently  shewn  by  Eisig'  to  take  place  in  the  fore  part 
of  the  alimentary  tract  of  many  Cluetopods.  This  ]>ar(  of  the  alimentary 
tract  was  probablj  provided  with  paired  ctecol  pouches  with  their  blii^ 
ends  in  contiguity  with  the  skin. 

Perforations  placing  these  ])oucheB  in  communication  with  the  exterior 
must  be  supposed  to.have  been  formed;  and  the  existence  of  openings  into 
the  ^imentary  tract  at  the  end  of  the  tentacles  of  many  Actiniie  and  of  the 
hepatic  diverticula  of  some  uudibranchiate  Molluscs  (£olis,  i&c.')  shews  that 
such  perforations  may  easily  be  made.  On  the  formation  of  such  per- 
forations the  water  taken  in  at  the  mouth  would  pass  out  by  them ;  and 
the  respiration  would  be  localized  in  the  walls  of  the  pouches  leading  to 

'  Id  tbe  Chntapods  varions  organs  have  be«n  interpreted  aa  ludiments  of  a 
notochord,  bat  none  of  these  inlerpretstiong  will  bear  e lamination. 

'  "  Ueb.  d.  Vorkomioen  eines  BciiwlmmblaBen&tinlichen  Orgmw  bei  AnDeliden." 
MMheil.  a.  d.  zool.  Slation  lu  Seapel,  Vol.  11.     18«1. 

*  The  openings  of  tbe  hepatic  diverticula  throDgh  tlie  sacks  lined  nith  thread  cells 
are  desovibed  by  Hancock  and  Embleton,  Attn,  and  Mag.  of  Nal.  Hitlory,  V(d.  xy. 
ISIS,  p.  B2.  Ton  iThering  htu  alMi  recently  described  these  openings  {ZooL  Anieiger, 
No.  2S)  and  apparently  atttibotes  their  discovery  to  himself. 
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Fhylogeny  c^  the  Chordata.  It  may  be  conrenient  to  sbew  in 
a  definite  way  the  liearing  of  the  above  speculations  on  the  phylogeny 
of  the  Chordata.  For  this  purpose,  I  have  drawn  up  the  subjoined 
table,  which  exhibits  what  I  betiere  to  be  the  relationships  of  the 
existing  groups  of  the  Chordata.  Such  a  table  cannot  of  course  be 
constructed  from  embr^ological  data  alone,  and  it  does  not  fall  within 
the  scope  of  this  work  to  defend  its  parts  in  detail. 


TBlAntll        PllOTO-PENTAKACTYLOIDEI 
OaMOIDSI  I DiPKOI 


PROTO-ON  ATUOSTOM  ATA 

I 

PBOrO-  V  ^TBBIl  AT  A 


PKOTOCHOBDATA 


Id  the  above  table  the  nunes  printed  in  large  capitals  ore  hypothetical  firoDps. 
The  other  groups  are  all  in  exiatenoe  at  the  present  day,  but  those  pnnted  in  ItaUca  are 
probably  degenerali-. 

The  ancestral  forms  of  the  Chordata,  which  may  be  called  the 
Protochordata,  must  be  supposed  to  have  had  (I)  a  notochord  as 
their  sole  axial  skeleton,  (2)  a  veotral  mouth,  surrounded  by  suctorial 
structures,  and  (3)  very  numerous  gill-slits.  Two  degenerate  nff- 
shoots  of  this  stock  still  persist  in  Aniphioxus  (Cephalochorda),  and 
the  Ascidians  (Urocborda). 

The  direct  descendants  of  the  ancestral  Clicrdata,  were  pro- 
bably a  group  which  may  be  called  the  Proto- vertebra ta,  of  which 
there  is  no  persisting  representative.  In  this  group,  imperfect 
neural  arches  were  probably  present ;  aud  a  ventral  suctorial  mouth 
without  a  mandible  and  maxill<iC!  was  still  persistent.  The  branchial 
clefts  had,  however,  become  reduced  in  number,  and  were  provided 
with  gill-folds ;  and  a  secondary  head  {vide  p.  260),  with  brain  and 
organs  of  sense  like  those  of  the  higher  Vertebrata,  had  become 
fonued. 

The  Cyclostomata  are  probably  a  degenerate  offshoot  of  this 
group. 

With  the  development  of  the  branchial  bars,  and  the  conversion  of 
the  mandibular  bar  into  the  skeleton  of  the  jaws,  we  come  to  the  Prutu- 
gnatfaostomata.  The  nearest  liviug  representatives  of  this  group  are 
the  Elasmobranchii,  which  still  retain  in  the  adult  state  the  ventrally 
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placed  mouth.  Owing  to  the  development  of  food-yolk  in  the  Elas- 
mobranch  ovum  the  early  stages  of  development  are  to  some  extent 
abbreviated,  and  almost  all  trace  of  a  stage  with  a  suctorial  mouth 
has  become  lost. 

We  next  come  to  an  hypothetical  group  which  we  may  call  the 
Proto-ganoidei.  Bridge,  in  his  Memoir  on  Polyodon",  which  contains 
some  very  interesting  speculations  on  the  aEGnities  of  the  Ganoids, 
has  called  this  group  the  Pneumatoccela,  from  the  fact  that  we  find 
for  the  first  time  a  full  development  of  the  air-bladder,  though  it  is 
possible  that  a  rudiment  of  this  organ,  iu  the  form  of  a  pouch  opening 
on  the  dorsal  side  of  the  stomachic  extremity  of  tlie  cesophagus,  was 
present  in  the  earlier  type. 

Existing  Ganoids  are  descendants  of  the  Proto-ganoidei.  Some  of 
them  at  all  events  retain  in  larval  life  the  suctorial  mouth  of  the 
Proto-vertebrata ;  and  the  mode  of  formation  of  their  germinal  layers, 
resembling  as  it  does  that  in  the  Lamprey  and  the  Amphibia,  prolmbly 
indicates  that  they  are  not  descended  from  forms  with  a  large  food- 
yolk  like  that  of  Elasmobranchii,  and  that  the  latter  group  is  there- 
fore a  lateral  offshoot  from  the  main  line  of  descent. 

Of  the  two  groups  into  which  the  Ganoidei  may  be  divided  it  is 
clear  that  certain  members  of  the  one  (Teleostoidei),  viz.  Lepidosteus 
and  Amia,  shew  approximations  to  the  Teleattei,  which  no  doubt 
originated  from  the  Ganoids;  while  the  other  (Selachoidei  or  Stu- 
riones)  is  more  nearly  related  to  the  Dipnoi.  Polypterus  has  also 
marked  affinities  in  this  direction,  e.g.  the  external  gills  of  the  larva 
(vide  p.  98). 

The  Teleostei,  which  have  in  common  a  meroblastic  segmenta- 
tion, had  probably  a  Ganoid  ancestor,  the  ova  of  which  were  provided 
with  a  large  amount  of  food-yolk.  In  most  existing  Teleostei,  the 
ovum  has  become  again  reduced  in  size,  but  the  meroblastic  segmen- 
tation has  been  preserved.  It  ia  quite  possible  that  Amia  may 
also  be  a  descendant  of  the  Ganoid  ancestor  of  the  Teleostei;  but 
Lepidosteus,  as  shewn  by  its  complete  segmentation,  is  clearly  not  so. 

The  Dipnoi  as  well  as  all  the  higher  Vertebrata  are  descendants 
of  the  Proto-ganoidei. 

The  character  of  the  limbs  of  higher  Vertebrata  indicates  that 
there  was  an  ancestral  group,  which  may  be  called  the  Proto-penta- 
dactyloidei,  in  which  the  pentadactyie  limb  became  established; 
and  that  to  this  group  the  common  ancestor  of  the  Amphibia  and 
Am n iota  belonged. 

It  is  possible  that  the  Plesiosauri  and  Ichthyosauri  of  Uesozoic 
times  may  have  been  more  nearly  related  to  this  group  than  either 
to  the  Amniota  or  the  Amphibia  The  Proto-pentadactyloidei 
were  probably  much  more  closely  related  to  the  Amphibia  than  to 
the  Amniota.  They  certainly  must  have  been  capable  of  living  in 
water  as  well  as  on  land,  and  had  of  course  persistent  branchial  cleft.t. 

'  I'hil.  Tr,i,„.  1H7«.     Part  u. 
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It  is  also  fairly  certain  that  tbey  were  not  provided  with  lai^e-yolked 
ova,  otherwise  the  mode  of  formation  of  thtj  layers  iu  Amphibia 
could  not  be  easily  explained. 

The  Mammalia  and  Sauropsida  are  probiblv  independent  off- 
ahoots  from  a  common  stem  which  may  be  called  the  Proto-amniota. 
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CHAPTER  XIII. 
GENERAL  CONCLUSIONS. 


I.      TUB  MODE  OF  ORIQIK   AND  HOMOLOGIES  OF  THE  OERMIKAL 
LAYERS, 

It  has  already  been  shewa  in  the  earlier  chapters  of  the  work 
that  during  the  first  phases  of  development  the  histoiy  of  all 
the  Metazoa  is  the  same.  They  all  originate  from  the  coalescence 
of  two  cells,  the  oviira  and  spermatozoon.  The  coalesced  product 
of  these  cells — the  fertilized  oviim^then  undergoes  a  process  known 
as  the  segmentation,  in  the  course  of  which  it  becomes  divided  in 
typical  cases  into  a  number  of  uniform  cells.  An  attempt  was  made 
from  the  point  of  view  of  evolution  to  explain  these  processes.  The 
ovum  and  spermatozoon  were  regarded  as  representing  phyloge- 
netically  two  physiologically  differentiated  forms  of  a  Protozoon ; 
their  coalescence  was  equivalent  to  conjugation  :  the  subsequent  seg- 
mentation of  the  fertilized  ovum  was  the  multiplication  by  division 
of  the  organism  resulting  from  the  conjugation  ;  the  resulting  organ- 
isms, remaining,  however,  united  to  fonn  a  fresh  organism  in  a  higher 
state  of  aggregation. 

In  the  systematic  section  of  this  work  the  embryological  history 
of  the  Metazoa  has  been  treated.  The  present  chapter  contains  a 
review  of  the  cardinal  features  of  the  vai'ious  histories,  together  with 
an  attempt  to  determine  how  far  there  are  any  points  common  to 
the  whole  of  these  histories;  and  the  phylogenetic  interpretation  to 
be  given  to  such  points. 

Some  years  ago  it  appeared  probable  that  a  definite  answer  would 
be  given  to  the  questions  which  must  necessarily  be  raised  in  the 
present  chapter;  but  the  results  of  the  extended  investigations 
made  during  the  last  few  years  have  shewn  that  these  expectations 
were  premature,  and  in  spite  of  the  numerous  recent  valuable  con- 
tributions to  this  branch  of  Embiyology,  amongst  which  special 
attention  may  be  called  to  those  of  Kowalevsky  {No.  277),  Lankester 
(Nos.  278  and  279),  and  Haeckel  {No.  266),  there  are  few  embryolt^sts 
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who  would  veature  to  oasert  that  any  answers  which  can  be  given 
are  more  than  tentative  gropiogs  towards  the  truth. 

In  the  following  pages  I  aim  more  at  summarising  the  facts, 
and  critically  examining  the  different  theories  which  can  be  held, 
than  at  dogmatically  supporting  any  definite  views  of  my  own. 

In  ail  the  Metazoa,  the  development  of  which  has  been  investi- 
gated, the  first  process  of  differentiation,  which  follows  upon  the 
segmentation,  consists  in  the  cells  of  the  organism  becoming  divided 
into  two  groups  or  layers,  known  respectively  as  epiblast  and 
hypoblast. 

These  two  layers  were  first  diacoTered  in  the  young  embryos  of  vert<3- 
brat*^  animals  by  Pander  and  Von  Baer,  and  have  been  since  known  as 
the  germinal  layers,  though  their  cellular  nature  was  not  at  first  recog- 
nised. They  were  shewn,  togethrr  with  a  thii-d  lnyer,  or  niesoblast,  which 
subsecjueutiy  appears  betwten  them,  to  bear  throughout  the  Vertebrata 
constant  relations  to  the  organs  which  became  developed  from  thenn.  A 
very  great  step  was  subsequently  made  by  Reinak  (No.  187),  who  euccHsc- 
fully  worked  out  the  problem  of  vertebrate  embryology  on  the  celhilHr 

Rathke  in  his  memoir  on  the  development  of  Astacus  (No.  286)  at- 
tempted at  a  very  early  period  to  extend  the  doctrine  of  the  derivation  of 
tfae  organs  from  the  geiminetl  layers  to  the  Invertebrata.  In  1859  Huxley 
made  an  important  stop  towards  the  explanation  of  the  nature  of  these 
layers  by  comparing  them  with  the  ectoderm  and  endoderm  of  the  Hydro- 
loa  ;  while  the  brilliant  researches  of  Kowalevsky  on  the  development  of 
a  great  variety  of  invertebrate  foims  formed  the  starting  point  of  the 
current  views  on  this  subject. 

The  differentiation  of  the  epiblast  and  hypoblast  may  commence 
during  the  later  phasea  of  the  segmentation,  but  is  generally  not  com- 
pleted till  after  its  termination.    Not  only  do  the 
cells  of  the  blastoderm  become  differentiated  into  « 

two  layers,  but  these  two  layers,  in  the  case  of 
a  veiy  large  number  of  ova  with  but  little  fond- 
yolk, constitute  a  double- walled  sack — the  gastrula 
(fig.  198) — the  characters  of  which  are  too  well 
known  to  require  further  description.  Following 
the  lines  of  phylogenetic  speculation  above  in- 
dicated, it  maybe  concluded  that  the  two-layered 
condition  of  the  organism  represents  in  a  general 
way  the  passage  from  the  protozoon  to  the  me- 
tazoon  condition.      It  is  probable  that  we  may 

safely  go  fiirther,  and  assert  that  the  gastrula  r«-  P™-  ^98.  UiAamu 
produces,  with  more  or  less  fidelity,  a  stage  in  GeEenbaut")"^'  """" 
the  evolution  of  the  Metazoa,  permanent  in  the  ^  mouth;  6.  ar- 
simpler  Hydrozna,  during  which  the  organism  was  chenteron ;  c,  Ljpo- 
provided  with  (1)  a  fully  developed  digestive  cavity  *»l»»t;  d.  epiblast. 
(fig.  198  b)  lined  by  the  hypoblast  with  digestive 
and  assimilative  functions,  (2)  an  oral  opening  (r(),  and  (3)  a  sujter- 

18—2 
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ticial  epiblast  (d).  These  geueraliealions,  which  are  now  widely 
accepted,  are  no  doubt  very  valuable,  but  they  leave  unanawered  the 
following  important  questions : 

(1)  By  what  steps  did  the  compound  Protozoon  become  differen- 
tiated into  a  Metazoou  ? 

(2)  Are  there  any  grounds  for  thinking  that  there  is  more 
than  one  line  along  which  the  Metazoa  have  become  independently 
evolved  from  the  Protozoa  ? 

(3)  To  what  extent  ia  there  a  complete  homology  between  the 
two  primary  germinal  layers  throughout  the  Metazoa  1 

Ontogenetically  there  is  a  great  variety  of  processes  by  which 
the  passage  from  the  segmented  ovum  to  the  two-layered  or  diplo- 
blaslic  condition  is  arrived  at. 

These  processes  may  be  grouped  under  the  following  heads : 
1.  InTagination.  Under  this  terra  a  considerable  number  of 
closely  ci>nnected  processes  are  included.  When  the  segmentation 
results  in  the  formation  of  a  blaetosphere,  one  half  of  the  blastosphere 
may  be  pushed  in  towards  the  opposite  half,  and  a  gastrula  be  thus 
produced  (fig.  199,  A  and  B),     This  process  is  known  as  embolic 


FlO.  19tt.       Two    StAGKB    IH    THE    SBVeUlPHBtlt    Ot   UoLOIHritU    IDBDLOSA,    TIEWItll 

IN  OFTIUAL  SECTION.    (After  SeUnka.) 
A.    Stage  at  the  close  of  the  Begmentation.    B.    Gastriila  atage. 
tar.  inicropjle  1  fi.  ohorioii;    :e.  Begmentatiou  cavity ',    bl.  blaBtoderm;    tp.  e|ii- 
blast;  ky.  hypoblast;  mt.  anueboid  cells  derived  IJroiB  bypoblaBl',  a.e.  araheDteTOD. 

inv^nation.  Another  process,  known  as  epibolic  invagination, 
consists  in  epiblast  cells  growing  round  and  enclosing  the  hypoblast 
(tig.  200),  This  process  replaces  the  former  process  when  the  hypo- 
blast cells  arc  so  bulky  from  being  distended  by  food-yolk  that  their 
invagination  is  mechanically  impossible. 

Tlicro  HIV  vitiious  fieculiar  nioditiciitioiiK  of  invagination  which 
canuot  be  dealt  with  in  <lctail. 
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(Afler  Kowaleveky. ) 
>.  epiblsst; 
fiypoblMt. 


Invagination  in  one  form  or  otKer  occurs  in  some  or  all  the 
members  of  the  following  groups  : 
.The  Dicyemidse,  Calciapongiae 
(after  the  amphiblastula  stage) 
and  SilicispongiEe,  Ccelenterata, 
Turbellaria,  Nemertfia,  Rotifera, 
Uollusca,  Polyzoa,  Brachiopoda, 
Cheetopoda,  Diacophora.  Gephyrea, 
Chietognatha,  Nematelniinthes, 
Crustacea,  Echinodermata,  and 
Choriata. 

The  gastrula  of  the  Crustacea 
is  peculiar,  as  is  also  that  of  many  ~ 
of  the  Chordata  (Reptilia,  Aves, 
Mammalia),  but  there  is  every 
reason  to  suppose  that  the  gastmlae 
of  these  groups  are  simply  modi- 
fications of  the  normal  type. 

2.    Delamination.     Three  types   of  delamination   may  be  dis- 
tinguished : 

a.  Delamination  where  the  cells  of  a  solid  morula  become 
divided  into  a  snperticial 
epiblast,  and  a  central  soli<l 
mass  in  which  the  digestive 
cavity  is  subsequently  hol- 
lowed out  (fig  201), 

6.  Delamination  where 
the  segmented  ovum  has  the 
form  of  a  blastosphere,  the 
cells  of  which  give  rise  by 
budding  to  scattered  cells  in 
the  interior  of  the  vesicle, 
which,  though  they  may  at 
first  form  a  solid  mass,  finally 
arrange  themselves  in  the 
form  of  adefinite  layer  around 
a  central  digestive  cavity 
(fig.  202). 

c.  Delamination  where 
the  segmented  ovum  has  the 
form  of  a  blastosphere  in  the 
cells  of  which  the  protoplasm 
is  differentiated  into  an  in- 
ner and  an  outer  part.  By 
a  subsequent  process  the  ii 


FlO.   201.       Two  8TA. 
■F  SlBPHUlOKIA  PICTDN,   .      .. 

MetBohnikofF. ) 

■Age  after  the  delamination;  ep.  epi- 
bljatio  inTogination  to  form  pneumatocyHt. 
B.   Later  stafte  after  the  formatiOD  oF  the 
_    _  intBtric  eavity  in  the  boM  hypoblast,    po.  poly- 

ne7p.riofthecell.beo.«„     l^i  :i  X^i^:i.X\7^'':^-'--S. 
teparated  from  the  outer,  and     lag  pnenmatocyst. 
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the  walls  of  the  blastosphere  are  so  divided  into  two  distinct  layers 
(fig.  205). 

Although  the  third  of  these  processes  is  usually  regarded  as 
the  type  of  delaminatioc,  it  does  not,  so  far  as  I  know,  occur  in 
nature,  but  is  most  nearly  afiproached  in  Geryonia  (fig.  203), 

The  first  type  of  delaininatiou  is  found  in  the  Ceratospongise, 
some  Silicispongife  (?),  and  ia  many  Hydrozoa  and  Actinozoa,  and  in 
Nemertea  and  Nematelminthes  (Oordioidea?).  The  second  type 
occurs  in  many  Porifera  [Cahispongiw  (Ascetta),  Myxospongice],  and 
in  some  C»Elenterata,  and  Brachiopoda  ( Tkeddium). 

DelaminatioD  and  invagination  are  undoubtedly  the  two  most 


Flo.  203.    Tbbbr  LAKTiL  STAOBB  OF  EocoFE  FOLYB'TiLA.     (After  KowaleYBky.) 
A.    BUstosphere  Btage  with  hypoblast  spheres  beooming  budded  aft  into  ceotral 

cavil}'.    B.    Plannla  stage  with  solid  hypoblast.    C.    Planula  stage  with  a  gartrio 

oavitj.    ep.  epiblaet;    hy.  hypoblast;    al.  gastric onTitj. 

frequent  modes  in  which  the  layers  are  differentiated,  but  there 
are  in  addition  several  others.  In  the  first  place  the  whole  of  the 
Tracheata  (with  the  apparent  exception  of  the  Scorpion)  develop,  so 
far  as  is  known,  on  a  plan  peculiar  to  them,  which  approaches  delami- 
nation.  This  consists  in  the  appearance  of  a  superficial  layer  of 
cells  enclosing  a  central  yolk  mass,  which  corresponds  to  the  hypo- 
blast (figs.  204  and  2!4i).  This  mode  of  development  might  be 
classed  under  delamination,  were  it  not  for  the  fact  that  the  early 
development  of  mauy  Crustacea  is  almost  the  same,  but  is  subsequently 
followed  by  an  invagination  (fig.  208),  which  apparently  corresponds 
to  the  normal  invagination  of  other  types.  There  are  strong  grounds  for 
thinking  that  the  tracheate  type  of  formation  of  the  epiblast  and 
hypoblast  is  a  secondary  modification  of  an  invaginate  type  {vide 
Vol.  I.  p.  378). 

The  type  of  some  Turbellaria  (Styhckop»ie  ponWcua)  and  that  of 
Ncphelis  amongst  the  Discophora  is  not  capable  of  being  reduced  to 
the  invaginate  type. 
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The  development  of  almost  all  the  parasitic  groups,  i,e.  the  Trema- 
toda,the  Ceatoda.the  Acanthocephala,  and  theliinguatulida,and  also 


Flo.  203.    DuosuiHATia  nac 

OF  Gbhyonia.    (After  PoL) 
A.    Stage  at  the  eommenoement  of  the  delamiiiatioii;  the  dotted  lioeB  x  shew  the 
ooane  ot  the  neit  planea  of  diviaioii.    B.   St»ge  at  the  close  of  the  delamiDation. 
c>.  segmentation  cavity  J  a.  endoplaEm;  b.  eoioplasm;  eji.  epiblset ;  Jky.  hjpablaat. 

of  the  Tardigrada,  Pycnogonida,  and  other  minor  groups,  ia  too  imper- 
fect!; known  to  be  classed  wilji  either  the  delaminate  or  iovagiaate 
types. 


Fia.  201.     SsaHEHTuiciN  ihd  tobiution  or  the  bi.utodebii  ik  Cbslifer, 

(After  UetBchnikoff.) 
In  A  the  oTom  is  divided  into  a  nomber  of  sepaiate  i«gmentB.    In  B  a  uamber  of 
flmill  cellB  have  appeared  (bl)  which  form  a  blastoderm  enveloping  the  large  yolk- 
Bpberes.    In  C  the  bUstodemi  haa  become  divided  into  tvo  lajere. 
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It  will,  I  tbiok,  be  conceded  on  all  sides  that,  if  any  of  the  onto- 
genetic {>rocesses  by  which  a  gastrula  form  in  reached  are  repetitions 
of  the  process  by  which  a  simple  two-layered  gastrula  was  actually 
evolved  from  a  compound  Protozoon,  these  processes  are  most  pro- 
bably of  the  nature  either  of  invagination  or  of  ile lamination. 

The  much  disputed  questions  which  have  been  raised  about  the 

Eiatrula  and  planula  theories,  originally  put  forward  by  Haeckel  and 
ankester,  resolve  themselves  then  into  the  simple  question,  whether 
any,  and  if  so  which,  of  the  ontogenetic  processes  by  which  the 
gastrula  is  formed  are  repetitions  of  the  phylogenetic  origin  of  the 


It  is  very  difficult  to  bring  forward  arguments  of  a  conclusive  kind 
in  favour  of  either  of  these  processes.  The  fact  that  delaminate  and 
invaginate  gastrula;  are  in  several  instances  found  coexisting  in  the 
same  group  renders  it  certain  that  there  are  not  two  independent 
phyla  of  the  Metazoa,  derived  respectively  from  an  invaginate  and  a 
delaminate  gastrula'. 

The  four  most  important  cases  in  which  the  two  processes  coexist 
are  the  Porifera,  the  Ccelenterata,  the  Nemertea,  and  the  Brachiu- 
poda.  In  the  cases  of  the  Porifera  and  Ccelenterata,  there  do  not 
appear  to  me  to  be  any  means  of  deciding  which  of  these  processes  is 
derived  from  the  other;  but  in  the  Nemertca  and  the  Brachiopoda 
the  case  is  different.  In  all  the  types  of  Neraertea  in  which  the 
development  is  relatively  not  abbreviated  there  is  an  invaginate  gas- 
trula, while  in  the  types  with  a  greatly  abbreviated  development  there 
is  a  delaminate  gastrula.  It  would  seem  to  follow  from  this  that  a 
delaminate  gastrula  has  here  been  a  secondary  result  of  an  abbrevia- 
tion in  the  development.  In  the  Brachiopoda,  again,  the  majority  of 
types  develop  by  a  process  of  invagination,  while  Thecidium  appears 
to  develop  by  delamination;  here  also  the  delaminate  type  would 
appear  to  be  secondarily  derived  from  the  invaginate. 

If  these  considerations  are  justified,  delamination  must  be  in  some 
instances  secondarily  derived  from  invagination ;  and  this  fact  is  so 
far  an  argument  in  favour  of  the  more  primitive  nature  of  invagina- 
tion ;  though  it  by  no  means  follows  that  in  the  invaginate  process 
the  steps  by  which  the  Metazoa  were  derived  from  the  Protozoa  are 
preserved. 

It  does  not,  therefore,  seem  possible  to  decide  conclusively  in 

■  It  is  not  difficult  to  piatura  a  powible  derivation  of  deliuaiiiatioii  from  invagina- 
tion; vbile  a  camparison  of  the  formation  of  the  inner  layeiB  (meaoblast  and  hypo- 
blast) in  Ascetta  (amongrt  the  Sponges),  and  in  the  Ecbinodermata,  shews  a  verj  ump)e 
way  in  which  it  is  poasible  to  conceive  of  a  passage  of  delamination  into  invagination. 
In  AseettB  the  cells,  which  give  rise  to  the  mesoblast  and  hypoblast,  are  badded  off 
from  the  inner  wall  of  the  blaatosphere,  eiipecially  at  one  point;  while  in  Ecbino- 
dermata  (Gg.  199)  there  is  a  small  invaginated  sack  which  gives  rise  to  the  hypoblast, 
wliile  from  the  walla  of  this  sock  amceboid  cells  are  baddad  off  which  give  rise  to  a 
large  part  ol  the  mesoblaet.  If  we  suppose  the  hypoblast  eella  budded  off  at  one 
point  in  Asoetta  gradnally  to  tonn  an  invaginated  sadi,  while  the  meBoblast  oells  con- 
tinned  to  be  budded  off  as  before,  we  abould  pass  from  the  delaminate  type  of  Ascetta 
'o  (he  invaginate  type  of  an  Echinoderm. 
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favour  of  either  of  these  processes  by  a  comparison  of  the  cases  where 
they  occur  in  the  saiae  groups. 

The  relative  frequency  of  the  two  processes  supplies  us  with 
another  possible  means  for  deciding  between  them  ;  and  there  is  no 
doubt  that  here  again  the  scale  inclines  towards  invagination.  It 
must,  however,  be  borne  in  mind  that  the  frequency  of  the  process  of 
invagination  admits  of  another  possible  explanation.  There  is  a  con- 
tinual tendency  fur  the  processes  of  development  to  be  abbreviated 
and  simplified,  and  it  is  quite  possible  that  the  frequent  occurrence  of 
invagination  is  due  to  the  fact  of  its  being,  in  most  cases,  the  simplest 
means  by  which  the  two-layered  condition  can  be  reached.  But  this 
argument  can  have  bnt  little  weight  until  it  can  be  shewn  in  each  case 
that  invagination  is  a  simpler  process  than  delamination ;  and  it  is 
rendered  improbable  by  the  cases  already  mentioned  in  which  de- 
laminatii>D  has  been  secondarily  derived  from  invagination. 

If  it  were  the  case  that  the  blastopore  had  in  all  types  the  same 
relation  to  the  adult  mouth,  there  would  be  strong  grounds  tor  re- 
garding the  invaginate  gastrnla  as  an  ancestral  form ;  but  the  fact 
that  this  is  by  no  means  so  is  an  argument  of  great  weight  in  favour 
of  some  other  explanation  of  the  frequency  of  invagination. 

The  force  of  this  consideration  can  best  be  displayed  by  a  short 
summary  of  the  fate  of  the  blastopore  in  different  forms. 

The  fate  of  the  blastopore  is  so  variable  that  it  is  difficult  even  to 
classify  the  cases  which  have  been  described. 

(1)  It  beoomeB  the  permanent  mouth  in  the  following  forma': 
Cfflimffrata.— PelftRia,  Cereantlma, 

Turhellaria. — Leptoplana  (?),  Thyimnozfmn. 

N^nwrWn.  — Pilidiom,  larvio  of  the  type  of  Desor. 

Molluiea. — In    numerouB    eiampteB   of    most    Molluacan    ipronps,    except    the 

Cephalopoda. 
CAffitopoda.— Most  OligochBGltt,  and  probably  many  Poljohela. 
(Ifphyrea. — PhftBcoloHoma,  Phoronis. 
Nematelminthet. — CaoullanaK. 

(2)  It  cloiee  in  the  position  vhere  the  month  ia  anbaequently  formed. 
Calfnlerala — Ctenophota  (?). 

MoHutca. — In    numeioUH    examples   of    mont    Mollnscan    groapn,    eioept    the 

Cephalopoda. 
Crtu tacf a .—Cirripedia  (?),  some  Cladocera  (Moina)  (?). 

(3)  It  becomes  the  permaneat  anua. 
MoJImco.— Paludina. 

Chielopoda. — Serpula  and  Bome  other  types. 

Eeliiruidtrmata.—  Almost  nniversally,  except  amonftst  the  Crinoidea. 

(4)  It  cloeas  in  the  poaition  vhare  the  auaa  is  EubsequeDtly  formed. 
£cUnoil«rnuit<i.^.CTino:dea . 

(5)  It  closes  in  a  position  which  doea  not  correspond  or  ia  Dot  known 
to  correspond*  either  with  the  fnture  month  or  auae.—P<K-'ffra — Sycandra, 
CalntttTata — Cbrysaora*.  Aurelia*.       Nrmrrlca* — Some  larvn  which  develop  without 

'  The  above  list  is  somewhat  tentative;  and  futnre  investigationa  will  probably 
shew  that  many  of  the  atatements  at  present  current  about  the  position  of  the  blanto- 
pore  are  inaccorate. 

'  The  forms  in  which  the  poution  of  the  blastopore  in  relation  to  the  mouth  or 
anae  ia  not  known  are  marked  with  an  asterisk. 
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a  metanusplioBiB.  Botifera''.  IfoUiwea— Cephalopoda.  Polgioa'.  BraeMo- 
poda — Argiope,  Terebratala,  Terebrataliua.  Chizli^oda — Euaiet.  Diteophora 
— Clepaine.  GfpAyrfa— Boncllia*.  Chatognatlia.  Cnulacea — Deotpoda. 

Chorda  to. 

The  forms  which  have  been  clasaed  together  under  the  last  head- 
iog  vary  conBiderabty  in  the  character  of  the  blastopore.  In  some 
cases  the  fact  of  its  not  coiDcidiDg  either  with  the  mouth  or  anus 
appears  to  be  due  simply  to  the  presence  of  a  large  amount  of  food- 
yolk.  The  cases  of  the  Cephalopoda,  of  Euaxes,  and  perhaps  of 
Clepsine  and  Bonellia,  are  to  be  explained  in  this  way  :  in  the  case  of 
all  these  forms,  except  Bonellia,  the  blastopore  has  the  form  of  an 
elongated  slit  along  the  ventral  surface.  This  type  of  blastopore 
is  characteristic  of  the  Mollusca  generally,  of  the  Polyzoa,  of  the  Ne- 
matelmiuthes,  and  very  possibly  (^  the  ChEotopoda  and  Discophora. 
In  the  Chsetognatha  (fig.  209  B)  the  blastopore  is  situated,  so  far  as 
can  be  determined,  behind  the  future  anus.  In  many  Decapoda  the 
blastopore  is  placed  behind,  but  not  far  from,  the  anus.  In  the 
Chordata  it  is  also  placed  posteriorly  to  the  anus,  and,  remarkably 
enough,  remains,  in  a  lai^e  number  of  forms,  for  some  time  in  con- 
nection with  the  neural  tube  by  a  neurenteric  canal. 

The  great  variations  in  the  character  of  the  gaatrula,  indicated  in 
the  above  summary,  go  far  to  shew  that  if  the  gastrulte,  as  we  find 
them  in  most  types,  have  any  ancestral  characters,  these  characters  can 
only  be  of  the  most  gcueral  kind.  This  may  best  be  shewn  by  the 
consideration  of  a  few  striking  instances.  The  blastopore  in  Mol- 
lusca has  an  elongated  slit-like  form,  extending  along  the  ventral 
sur&ce  from  the  mouth  to  the  anus.  In  Echinodermata  it  is  a  narrow 
pore,  remaining  as  the  anus.  In  most  ChEetopoda  it  is  a  pore  remiun- 
ing  as  the  mouth,  but  in  some  as  the  anus.  In  Ohordata  it  is  a  pos- 
teriorly-placed pore,  opening  into  both  the  archenteron  and  the  neural 
canal. 

It  is  clearly  out  of  the  question  to  explain  all  these  differences  aa 
having  connection  with  the  characters  of  ancestral  forms.  Many  of 
them  can  only  be  accounted  for  as  secondary  adaptations  for  the 
convenience  of  development. 

The  epibolic  gastrula  of  Mammalia  {vide  pp.  178  and  242)  is  a  still 
more  striking  case  of  a  secondary  embryonic  process,  and  is  not  directly 
derived  from  the  gastrula  of  the  lower  Chordata.  It  probably  origi- 
nated in  connection  with  the  loss  of  food-yolk  which  took  place  on 
the  establishment  of  a  placental  nuLrition  for  the  fcetus.  The  epibo- 
lic gastrula  of  the  Scorpion,  of  Isopods,  and  of  other  Arthropoda, 
seems  also  to  be  a  derived  gastrula.  These  instances  of  secondary 
gastrulte  are  very  probably  by  no  means  isolated,  and  should  serve  aa 
a  warning  against  laying  too  much  stress  upon  the  frequency  of  the 
occurrence  of  invagination.  The  great  influence  of  the  food-volk 
upon  the  early  development  might  be  illustrated  by  numerous  exam- 
ples, especially  amongst  the  Chordata  {vide  Chapter  XI.). 

If  the  descendants  of  a  form  with  a  large  amount  of  food-yolk  in 
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ita  07a  were  to  produce  ova  with  but  little  food-yolk,  the  type  of  for- 
mation of  the  germinal  layers  which  would  thereby  result  would  be 
by  no  ineanB  the  same  as  that  of  the  aucestors  of  the  forma  with  much 
food-yolk,  but  would  probably  be  something  very  different,  as  in  the 
case  of  Mammalia.  Yet  amongst  the  countless  generations  of  ances- 
tors of  most  existing  forms,  such  oscillations  in  the  amount  of  the 
food-yolk  must  have  occurred  in  a  large  number  of  instances. 

The  whole  of  the  above  considerations  point  towards  the  view  that 
the  formation  of  the  hypoblast  by  invagination,  as  it  occurs  in  roost 
forma  at  the  present  day,  can  have  m  many  iustancea  no  special 
phylogenetic  significance,  and  that  the  argument  from  frequency,  in 
favour  of  invagination  as  opposed  to  delaminatiou,  is  not  of  prime 
importance. 

A  third  possible  method  of  deciding  between  delaminatiou  and 
invagiuation  is  to  be  found  in  the  consideration  as  to  which  of  these 
processes  occurs  in  the  most  primitive  forma.  If  there  were  any 
agreement  amongst  primitive  forms  as  to  the  type  of  their  develop- 
ment this  argument  might  have  some  weight.  On  the  whole,  delami- 
natiou is,  no  doubt,  characteristic  of  many  primitive  types,  but  the 
not  infrequent  occuirence  of  invagination  in  both  the  Ccelenterata 
and  the  Porifera — the  two  groups  which  would  on  all  hands  be  ad- 
mitted to  be  amongst  the  most  primitive — deprives  this  argument  of 
much  of  the  value  it  might  otherwise  have. 

To  sum  up — considering  the  almost  indisputable  fact  that  both 
the  processes  above  dealt  with  have  in  many  instances  had  a  purely 
secondary  origin,  no  valid  arguments  can  he  produced  to  shew  that 
either  of  them  reproduces  the  mode  of  passage  between  the  Protozoa 
and  the  ancestral  two-layered  Metozoa.  These  conclusions  do  not, 
however,  throw  any  doubt  upon  the  fact  that  the  gastrula,  however 
evolved,  was  a  primitive  form  of  the  Metazoa;  since  this  conclusion  is 
founded  upon  the  actual  existence  of  adult  gastrula  forms  indepen- 
dently of  their  occurrence  in  development. 

Though  embryology  does  not  at  present  furnish  us  with  a  definite 
anawer  to  the  qiieHtion  how  the  Metazoa  became  developed  from  the  Pro- 
tozoa, it  is  nevertheless  worth  while  reviewing  some  of  the  processes  by 
which  this  can  be  conceived  to  have  occurred. 

On  purely  d,  priori  grounds  there  is  in  my  opinion  more  to  be  said  for 
invagination  than  for  any  other  view. 

On  tbia  view  we  may  suppose  that  the  colony  of  Protozoa  in  the  course 
of  conversion  into  Metazoa  had  the  form  of  a  blHstoaphere ;  and  that  at 
one  pole  of  this  a  depression  appeorpd.  The  cells  lining  this  depreBsiou  we 
may  suppose  to  have  beon  aniteboid,  and  to  have  earned  on  the  work  of 
digestion;  while  the  remaining  cells  were  probably  ciliated.  The  digestion 
may  be  supposed  to  have  heeu  at  fint  carried  on  in  the  interior  of  the  cells, 
as  in  the  Protozoa ;  but,  as  the  depresiiion  became  deeper  (in  order  to 
increase  the  area  of  nutritive  cells  and  to  retain  the  food)  a  digestive 
secretion  probably  betame  poured  out  from  the  cells  lining  it,  and  the 
mode  of  digestion  generally  characteristic  of  the  Metazoa  was  thereby 
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imtuguratetJ.  It  may  l«  noted  that  an  intiiicelliilar  jirotozoon  type  of 
digestion  pereiets  in  ttie  Porifera,  and  ajipeara  also  to  occur  in  many 
Cffilent«rata,  Turbellaria,  &,c.,  though  in  moat  of  these  casM  both  kinds  of 
digestion  proliably  go  on  Bimultaiieoufily '. 

Another  bypotbetical  mode  of  passage,  which  fits  in  with  deiaminatiou, 
has  been  put  forward  by  Lankester,  and  is  illustrated  by  fig.  203.  He 
supposes  that  at  the  blastosphere  stage  the  fluid  in  the  centre  of  the  colony 
acquired  special  digestive  properties  ;  the  inner  ends  of  the  cells  having  at 
this  stage  somewhat  different  properties  from  the  outer,  and  the  food  being 
still  incepted  by  the  surface  of  the  cells  (fig.  20!^,  3).  In  a  later  stage  of  the 
process  the  inner  portions  of  tbe  cells  became  separated  off  as  tie  hypo- 
blast; while  the  food,  though  still  ingested  in  the  form  of  Rolid  particles  by 
the  superficial  cells,  was  carried  through  the  protoplasm  into  the  central 
digestive  cavity.  Later  (fig.  205,  4),  the  point  where  the  food  entered 
became  localised,  and  eventually  a  mouth  became  formed  at  this  point. 

The  main  objection  which  can  be  raised  against  Lankester's  view  b 
that  it  presupposes  a  type  of  delaminatioQ  which  does  not  occur  in  nature 
except  in  Geryonia. 

Metechnikoff  has  propounded  a  third  view  with  reference  to  delamina- 
tion.  He  starts  as  before  with  a  ciliated  blastosphere.  He  next  supposes 
the  celts  from  tlie  walls  of  this  to  become  budded  off  into  the  central 


Flo.   a05.       DlAOBAM    SaEWINO    THK   rOBMATION    OF  A   GaBTRUIA   B 

(From  Loukester.) 
Fig.  1,  ovnin;  flg.  2,  ttafie  in  Begmentation;  Gg.  3,  oommeDcement  at  delami nation 
aTtei  tiie  appearance  of  a  ceatral  cavit;;  {ig.  4,  deism ination  completed,  month  lorm- 
ing  St  M.     la  figs.  1,  2,  and  3,  Ec.  is  eotoplaBm.  and  En.  is  eDdoplasm.     In  fig.  4, 
Ec.  is  epiblast,  and  £u,  hypoblast.    E.  and  J^.  food  particles. 

'  J.  Parker,  "On  the  Histology  of  Hydra  fvtea,"  Quart.  Jnunt.  iticr.  Seiftice, 
Tol.  XX.  1880;  and  El.  Metschnikoff,  "Ueb.  die  intracellnliire  Verdsnong  hei  Crelente- 
raten,"  Zoologiicker  Auirigrr.  No.  5G,  voL  iii.  1880  snd  Lankertet,  "  On  the  intraeella- 
laf  digeBtion  sod  endodeitn  of  Limnocodiam,"  ^wnrf.  Joum.  Mier.  Scitnee,  vol.  «(. 
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cavity,  m  in  £ucoi>e  (fig.  202),  and  to  lose  their  cilia.  These  celta  give 
riae  to  an  internal  parenchyma,  which  carries  on  an  intraoellular  digestion. 
At  a  later  stage  a  central  digestive  cavity  in  suppoHed  to  be  formed.  This 
view  of  the  passage  from  the  protozoon  to  the  metazoon  state,  though  to 
my  mind  improlMble  in  itself,  tits  in  very  well  with  the  ontogeny  of  the 
lower  Hydi-ozoa. 

Another  view  has  been  put  forward  by  myself  in  the  chapter  on  the 
Porifera',  to  the  effect  that  the  amphiblaatula  larva  of  CaJcispongiie  may 
be  a  transitional  form  between  the  Protozoa  and  the  Metazoa,  composed  of 
a  hemisphere  of  nutritive  amceboid  cells,  and  a  hemisphere  of  cilia.t«d  cells. 
The  absence  of  such  a  larval  form  in  the  Ccelenterata  and  higher  Metazoa 
is  opposed,  however,  to  this  larva  being  regarded  as  a  transitional  form, 
except  for  the  Porifera. 

It  is  obvious  that  so  long  as  there  is  complete  uncertainty  as 
to  the  value  to  be  attached  to  the  early  developmental  processes, 
it  is  not  possible  to  decide  from  these  processes  whether  there  is 
only  a  single  metazoon  phylum  or  whether  there  may  not  be  two  or 
mure  such  phyla.  At  the  same  time  there  appear  to  be  strong 
arguments  for  regarding  the  Porifera  as  a  phylum  of  the  Metazoa 
derived  independently  from  the  Protozoa.  This  seems  to  me  to 
be  EhewQ  (1)  by  the  striking  larval  peculiarities  of  the  Porifera ; 
(2)  by  the  early  development  of  the  mesoblast  in  the  Porifera,  which 
stands  in  strong  contrast  to  the  absence  of  this  layer  in  the  embryos 
of  most  Ccelenterata ;  and  above  all,  (3)  by  the  remarkable  cha- 
ractera  of  the  system  of  digestive  channels.  A  further  argument 
in  the  same  direction  is  supplied  by  the  fact  that  the  germinal 
layers  of  the  Sponges  very  probably  do  not  correspond  physiologically 
to  the  germinal  layers  of  other  types.  The  embryoiugical  evidence 
is  insuthcient  to  decide  whether  the  amphiblastula  larva  is,  as  sug- 
gested above,  to  be  regarded  as  the  larval  ancestor  of  the  Porifera. 

Homologies  of  tlie  g^erminal  layers.  The  question  as  to  how 
far  there  is  a  complete  homology  between  the  two  primary  germinal 
layers  throughout  the  Metazoa  was  the  third  of  the  questions  pro- 
posed to  be  discussed  here. 

Since  there  are  some  Metazoa  with  only  two  germinal  layers. 
and  other  Metazoa  with  three,  and  since,  as  is  shewn  in  the  following 
section,  the  third  layer  or  mesoblast  can  only  be  regarded  as  a 
derivative  of  one  or  both  the  primary  layers,  it  is  clear  that  a 
complete  homology  between  the  two  primary  germinal  layers  does 
not  exist. 

That  there  is  a  general  homology  appears  on  the  other  hand 
hardly  open  to  doubt. 

The  primary  layers  are  usually  continuous  with  each  other, 
near  one  or  both  (when  both  are  present)  the  openings  of  the 
alimeutary  tract. 

As>a  rule  an  oral  and  anal  section  of  the  alimentary  tract 
— tiie  atomiiditiim  and  proctodaiuiti — are  derived  from  the  epiblast-. 
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but  tbe  limits  of  both  these  aectioos  are  so  variable,  sometimes 
even  in  closely  allied  forms,  that  it  is  difficult  to  avoid  the  conclusion 
that  there  is  a  border-laod  between  the  epiblast  and  hypoblast, 
which  appears  by  its  development  to  belong  iu  some  forms  to  tbe 
epiblast  and  in  other  forms  to  the  hypoblast.  If  this  is  not  the 
case  it  is  necessary  to  admit  that  there  are  instances  in  which  a  very 
large  portion  of  the  alimentary  canat  is  phylogenetically  an  epiblastio 
structure.  In  some  of  the  Isopods,  for  example,  the  stomoditum  and 
proctodseum  give  rise  to  almost  the  whole  of  tbe  alimentary  caual 
with  its  appendages,  except  the  liver. 

The  origin  of  the  HesoblaBt.  A  diploblastic  condition  of  tbe 
organism  preceded,  as  we  have  seen,  the  tripioblastic.  Tbe  epiblast 
during  the  diploblastic  condition  was,  as  appears  from  such  forms  as 
Hydra,  especially  the  sensory  anil  protective  layer,  while  the  hypoblast 
was  the  secretory  and  assimilating  layer ;  both  layers  giving  rise  to 
muscular  elements.  It  must  not,  however,  be  supposed  that  in  the 
early  diploblastic  ancestors  there  was  a  complete  differentiation  of 
function,  but  there  is  reason  to  think  that  both  the  primary  layers 
retained  an  indefinite  capacity  for  developing  into  any  form  of 
tissue'.  The  fact  of  the  triploblastic  condition  being  later  than 
the  diploblastic  proves  in  a  conclusive  way  that  the  mesoblast  is  a 
derivative  of  one  or  both  the  primary  layeis.  In  the  Coslenterata 
we  can  study  the  actual  origin  from  the  two  primary  layers  of 
various  forms  of  tissue  which  in  the  higher  types  are  derived  from 
the  mesoblast*.  This  fact,  as  well  as  general  d  priori  considerations, 
conclusively  prove  that  the  mesoblast  did  not  at  first  originate 
as  a  mass  of  independent  cells  between  the  two  primary 
layers,  but  that  in  tbe  first  instance  it  gradually  arose  as 
differentiations  of  tbe  two  layers,  and  that  its  condition 
in  the  embryo  as  an  independent  layer  of  undifferentiated 
cells  is  a  secondary  condition,  brought  about  by  the 
general  tendency  towards  a  simplification  of  development, 
and  a  retardation  of  histological  differentiation'. 

'  The  HertwigH  (No.  170)  have  for  inatance  sbevD  that  nerrous  BtiuctureB  are  deve- 
loped in  the  hypoblast  in  the  Actinozna  and  other  Ccelenterata. 

'  There  ie  considerable  confusion  in  tbe  use  of  the  nomea  for  the  embiyonie  layer*. 
In  aome  caeea  vaiiona  tissues  formeil  b;  difTereDtiations  of  the  primary  layers  have  been 
called  meaublast.  Sobnltze.  and  more  recently  the  Eertnigs,  have  pointed  oat  tbe  incon- 
venience of  thia  nomenclature.  In  the  case  of  tbe  Cielenterata  it  ia  difficult  to  decide  in 
certain  in Btaooes  (t.g.  Sympodiam)  whether  the  oeUawbiob  give  rise  to  a  paitiaoUr  tipaue 
of  the  adult  are  to  be  regarded  as  fotmiug  a  mesoblast,  i.e.  a  middle  iindifferen tinted 
Uyar  of  cells,  or  whether  thej  arise  as  already  hiatologically  differentiated  elements 
trom  one  of  the  primary  layers.  The  attempt  to  distinguish  by  a  special  nomenclatnio 
the  epiblast  and  hypoblast  after  and  before  the  separation  of  the  mesoblaht,  which  baa 
been  made  by  Allen  Thomson  (No.  i),  appears  incapable  of  being  consiutently  applieil. 
thongb  it  is  convenient  to  distinguish  a  primary  and  a  secondary  hypoblast.  A  pro- 
po)<al  of  the  Hertnigs  to  adopt  special  names  for  the  outer  and  inner  limiting  mem- 
branes of  the  adult,  and  for  the  interposed  mans  of  organs,  appears  to  me  unneoessuj. 

■  The  causes  which  give  rise  to  a  retardation  of  histological  differentiation  will  be 
dealt  with  in  the  second  part  of  thl**  chapter  which  deals  with  larval  characters  and 
larval  forms. 
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The  Hertwigs  have  recently  attempted  (No.  271)  to  distinguitih 
two  types  of  di£Ferentiation  of  the  mesoblast,  viz.  (1)  a  direct  differen- 
tiation from  the  primitive  epithelial  cells ;  (2)  a  differentiation  from 
primitively  indifferent  cells  budded  off  into  the  gelatinous  matter 
betveen  the  two  primary  layers. 

It  IB  quite  poBsible  that  thia  distinction  may  be  well-fonnded,  but  no 
conclusive  evidence  of  the  occurrence  of  the  second  process  has  yet  been 
adduced.  The  Otenophora  are  the  type  upon  which  apecial  stress  is  laid, 
but  the  early  passage  of  amaboid  cells  into  the  gelatinoiis  tissue,  which 
subsequently  become  muscular,  is  very  probably  an  emhijonic  abbreviation; 
and  it  is  quite  poi«ible  that  these  cells  may  phylc^eneticallj  have  origi- 
nated from  epithelial  cells  provided  with  ciintracttle  processes  passing 
through  the  gelatinous  tissue. 

The  conversion  of  non-embryooie  connective-tissue  cells  into  muscle  cells 
in  the  higher  types  has  been  described,  but  vety  much  more  evidence  is 
required  before  it  can  be  accepted  as  a  common  occurrence. 


In  addition  to  the  probably  degraded  Dicyemide  and  Ortho- 
nectidie,  the  Coelenterata  are  the  only  group  in  which  a  true  mesoblast 
is  not  always  present.  In  other  words,  the  Ckfilenterata  are  the  only 
group  in  which  there  is  not  found  in  the  embryo  an  undifferentiated 
group  of  cells  from  which  the  majority  of  the  organs  situated  be- 
tween the  epidermis  and  the  alimentary  epithelium  are  developed. 

The  oi^ns  invariably  derived,  in  the  triploblastic  forms,  from 
the  mesoblast,  are  the  vascular  and  lymphatic  systems,  the  muscular 
system,  and  the  greater  part  of  the  connective  tissue  and  the  ex- 
cretory and  generative  (?)  systems.  On  tlie  other  hand,  the  nervous 
systems  (with  a  few  possible  exceptions)  and  organs  of  sense,  the 
epithelium  of  most  glands,  and  a  few  exceptional  connective- tissue 
organs,  ba  for  example  the  notochord,  are  developed  from  the  two 
primary  layers. 

The  fact  of  the  firstoamed  set  of  organs  being  invariably  derived 
from  the  mesoblast  points  to  the  establishment  of  the  two  following 
propositions: — (I)  That  with  the  differentiation  of  the  meso- 
blast as  a  distinct  layer  by  the  process  already  explained, 
the  two  primary  layers  lost  for  tne  most  part  the  capacity 
they  primitively  possessed  of  giving  rise  to  muscular  and 
connective-tissue  differentiations',  to  the  epithelium  of  the 
excretory  organs,  and  to  generative  cells.  (2)  That  the 
mesoblast  throughout  the  triploblastic  Metazoa.  in  so  far 
as  these  forms  have  sprung  from  a  common  triploblastic 
ancestor,  is  an  homologous  structure. 

The  second  proposition  follows  from  the  first.  The  mesoblast 
can  only  have  ceased  to  be  homologous  throughout  the  triploblastica 
by  additions  from  the  two  primary  layers,  and  the  existence  of  such 
a^lditions  is  negatived  by  the  first  proposition. 
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These  two  propositions,  whicli  hang  t^etlier,  are  possibly  only 
approximately  true,  since  it  is  quite  possible  that  future  investiga- 
tions may  shew  that  difTurentiations  of  the  two  primary  layers  are 
nut  so  rare  as  has  been  hitherto  imagined. 

Ranvier'  fiads  that  the  niuBcles  of  the  sweat-glands  are  developed  from 
the  inner  part  of  the  layer  of  epiblast  cells,  invugiuated  to  furm  these 
){ lands. 

Oiitte'  describes  the  epiblast  oells  of  the  larva  of  Comatulaaa  being  at  a 
eurtaiii  xtage  contractile  and  C(iin|tare3  them  with  the  epitlielio-muncular 
eella  of  Hydi-a.  These  cells  would  appear  siibseqiientlj  to  be  converted 
into  a  simple  cuCicular  sli'ucture. 

it  is  moreover  quite  possible  that  fresh  differentiations  from  the 
two  primary  layers  may  have  arisen  after  the  triploblostic  condition 
hail  been  established,  and  by  the  process  of  simplification  of  develop- 
ment and  precocious  segregation,  as  Lankester  calls  it,  have  become 
indistinguishable  from  the  normal  mesoblast.  In  spite  of  these 
exceptions  it  is  probable  that  the  major  part  of  the  muscular  system 
of  all  existing  triploblastic  forms  has  been  differentiated  from  the 
muscular  system  of  the  ancestor  or  ancestors  (if  there  is  more  than 
one  phylum)  of  the  triploblastica.  In  the  case  of  other  tissnes  there 
are  a  few  instances  which  might  he  regarded  as  examples  ot  an 
organ  primitively  developed  in  one  of  the  two  primary  layers  having 
become  secondarily  carried  into  the  roesobiast.  The  notochord  has 
sometimes  been  cited  as  such  an  organ,  but,  as  indicate<l  in  a 
previous  chapter,  it  is  probable  that  its  hypoblastic  origin  can  always 
be  demonstrated. 


Fici.  21)6.    Epibolic  uAHTHuu  nF  BoNKLLiA.     (After  SpeDgel.) 

A.  MUfte  wbeD  the  four  hvpoblaat  cells  are  nenrly  enclosed. 

B.  Stage  after  tLc  formalion  o(  the  mecoblost  Iiax  coiiimenoed  by  en  infuldiDg  of 
till!  lips  uf  the  blpiEitoporc. 

rp.  epibliifl;    mf.  mej-oblast;    hi.  blnKtopore. 

'  JI.  L.  lianvior.  "Hur  la  ntmcture  dcs  Rlandon  Budoi i pares. "     Voui,.let  Rradiu. 
Di:^. '20.  WTO. 

'  A.  (iiiHe.    '■Vcr;.'leirh.    Entwiok,  d.    Coinutiila  meditermiicii."     Anhir  /.    mikr. 
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The  nervous  system,  although  imbedded  in  mesoblastic  derivatea 
in  the  adults  of  all  the  higher  triploblastica,  retains  with  marvellous 
constancy  its  epiblastic  origin  (though  it  is  usually  separated  from 
the  epiblast  prior  to  its  histogenio  ditl'erentiatiou) ;  yet  in  the  Cepha- 
lopoda, and  some  other  MoUusca,  the  evidence  is  in  favour  of  its 
developing  iu  the  mesoblast.  Should  future  investigations  confirm 
these  conclusions,  a  good  example  will  be  afforded  of  an  organ 
changing  the  layer  from  which  it  usually  develops'.  The  explanation 
of  such  a  change  would  be  precisely  the  same  as  that  ab-eady  given 
for  the  mesoblast  as  a  whole. 

The  actual  mode  of  origin  of  various  tissues,  which  in  the 
true  triploblastic  forms  arise  in  mesoblast,  can  be  traced  in  the 
Ccelenterata*.  Id  this  group  the  epiblast  and  hypoblast  both  give 
rise  to  muscular  and  connective-tissue  elements ;  and  although  the 
main  part  of  the  nervous  system  is  formed  in  the  epiblast,  it  seems 
certain  that  in  some  types  nerves  may  be  derived  from  the  hypo- 
blast'.    These  facts  are  extremely  interesting,  but  it  is  by  no  means 


Fm.  907.     Two  TkiHsrsBSB  ■■cnoKS  thbodoh  smbkios  or  Htdbophilcb  mcivs. 
(After  Sowalerak;.) 

A.  SeotioD  through  ui  embiyo  at  the  point  vhere  the  two  genuinnl  fold*  moat 
approziiiute. 

B.  Beeiion  through  tn  mahrjo,  in  the  anterior  region  where  the  folds  of  tha 
Mnnion  have  not  nniled. 

gg.  geiminal  groove;    nu.  mesobbat;    on.  amnion;    gt.  jolk. 

1  The  Hertwiga  hold  thkt  there  ia  a  diatinct  put  of  the  nerrona  ijatem  whiah  was 
at  firat  differentiated  in  the  menoblaat  in  many  types,  amongst  others  the  Uolltiaoa. 
The  eridenoe  in  favonr  of  Qua  view  ia  extremely  aoanty  and  tiia  Tiew  itaeU  appears  to 
roe  highly  improbable. 

'  The  reader  is  referred  for  thia  iDhjeot  to  the  valnable  memoirs  which  have  been 
i«oently  pnbliahad  by  the  Hertwiga,  eapeoially  to  No.  170.  He  will  Bnd  a  gMietal 
aeooont  of  the  anbjeot  written  before  tha  appearanoe  at  the  Hertwigi^  memoir  in 
pp.  H9  and  160  of  Volnmo  1.  of  thia  treatise. 

■  It  wonld  be  inlereating  to  know  the  history  of  the  Tarians  nervona  Btmotarea 
foand  in  the  walls  of  the  alimeotary  tract  in  the  higher  forma.  I  hafe  shewn 
{Dtvelopmatt  0/  Elamobnmeh  Fitha,  p.  172)  that  the  central  part  ol  the  lympa- 
thetio  ayatem  ia  derived  from  the  epiblast.  It  wonld  however  be  well  to  work  orer  the 
development  al  AneriMMh'a  [denia. 

B.B.  n.  19 
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certAin  that  any  conclusions  can  be  directly  drawn  from  them  as  to 


Fio.  308.    FiauBBB  tu.DBiaAittia  the  dbvelophbmi  or  AeiACUi. 

(From  Pitrker;  after  Beichenbach.) 

A.  Bection  tluoogli  part  of  the  OTum  dniing  Begmenlation.  n.  naolei ;  ir,  y.  white 
jolb;  y.p-  joIkpyrunidE;  e.  oentnl  yolk  maaa. 

B.  and  C.  Longitudinal  seotioDB  of  the  gastrtila  stage,  a.  onhanteron;  h.  blaeto- 
pore;  nu.  meaoblaat;  ee.  epiblast;  en.  hypoblast,  distiiiguiahed  txota  epiblast  b; 
Bhadisg. 

D.  Highly  magnified  view  of  anterior  Up  of  bUatopore,  to  shew  the  origin  of  the 
primary  meaoblast  from  the  wall  of  the  arobenteron.  p.nu.  primaiy  mesoblast ;  ec. 
epibUet;  en.  byinbUBt. 

E.  Two  hypoblast  cells  to  shew  the  amceba-Iibe  absorption  of  yolk  Bpberes. 
y.  yolk;  n.  nnolens;  p.  pBendopodinl  gnroeesB. 

F.  Hypoblast  cells  giving  rise  endogenonsly  to  the  seoondaiy  mesoblast  ft.nu.); 
n.  nuoleas. 

the  actual  origin  of  the  mesoblast  in  the  triplohlastic  forms,  till  we 
know  from  what  diploblastic  forms  the  triploblaatica  originated. 
All  that  they  shew  is  that  any  of  the  constituents  of  the  mesoblast 
may  have  originated  from  either  of  the  primitive  layers. 

For  further  light  as  to  the  origin  of  the  mesoblast,  it  is  necessary 
to  turn  to  its  actual  development 

The  following  summary  illustrates  the  more  important  modes  in 
which  the  mesoblast  originates. 

1.  It  grows  inwards  from  the  lips  of  the  blastopore  as  a  pair  of 
bands.  In  these  cases  it  may  originate  (a)  from  cells  which  are 
clearly  bypoblastic,  (6)  from  cells  which  are  clearly  epiblastic,  (c) 
from  cells  which  cannot  be  regarded  as  belonging  to  either  layer. 

UoUnsca. — Gasteropoda,  Cephalopoda,  aod  Lamelli branch iata.  In 
Gasteropoda  and  Lamellibranchtata  the  mesoblast  sometimes  originates 
from  a  pair  of  cells  at  the  lips  of  the  blastopore,  though  very  probably 
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BOme  of  die  elementfi  subGeqnffliUf  oome  from  the  epiblast ;  and  in  Cepha- 
lopoda it  begina  aa  a  ring  of  cells  round  the  edge  of  the  blastodenn. 

PolyuHi  Entoprocta. — It  originates  from  a  pair  of  cells  at  the  lips  of 
the  blastopore. 

OlUBtopoda. — Euazes.  It  arises  as  a  ridge  of  cells  at  the  lips  of  the 
blastopore  (fig.  200). 

aephyiea — Bonellia.  It  arues  (fig.  206)  as  an  infolding  of  the  epi- 
blastic  lips  of  the  blastopore. 

Nematelmiiitlies — Cucullanns.  It  grows  backwards  from  the  hjpo- 
blsfit  cells  at  the  persistent  oral  opening  of  the  blastopore. 

Tzaeheata — Inseota.  It  grows  inwards  from  the  lips  of  the  germinal 
groove  (fig.  207),  which  probably  represent  the  remainsof  a  blastopore.  Part 
of  the  mesoblast  is  probably  also  derived  from  the  yolk-celU  A.  similar 
though  more  modified  darelopment  of  the  mesoblast  occurs  in  the  Araneina 
(fig.  214). 

Onutaesa—Decapoda.  It  partly  grows  in  from  the  hypoblastic  lips 
of  the  blastopore,  and  is  partly  derived  Irom  the  yolk-celb  (fig.  208). 


Via.  909.    Tebss  suacs  in  teb  ditklof>bkt  df  Biarrri.     (A.  and  C.  after 

BfUsehli,  and  B.  after  Eowalsrsky.) 

The  thre*  embryos  are  represented  in  the  tame  potitionB. 

A.  Bepiesents  the  gastmla  ■tage. 

B.  Bepiesenta  a  ineeeeding  stage,  in  whioh  the  piimitlve  arohenteion  is  oom- 
menoing  to  be  dirided  into  three. 

0,  Bepresents  &  latei  atage,  in  whioh  the  moath  InvolatiOD  (m)  hu  become  eon- 
tinnons  with  the  alimentaiy  tnwt,  and  the  blsatopoie  has  beoome  oloeed, 

m.  month;  ol.  alimentary  canal;  m.  arohenteron;  bLp.  blastopore;  pv.  peri- 
viaoeral  oari^ ;   ip.  Eplanchiils  meaoblut ;    lo,  Eomatts  mesoblast ;   gt.  BSnentive 

2.  The  mesoblast  is  developed  from  the  walls  of  hollow  out- 
growths of  the  archenteroD,  the  cavities  of  which  become  the  body 
cavity. 

Brachiopoda — The  walls  of  a  pair  of  ontgrowths  form  the  whole  of 
the  mesoblast. 

OluBtognatha. — The  mesoblast  arises  in  the  same  manner  aa  in  the 
Brachiopoda  (fig.  209). 

Echl&odeimata. — The  lining  of  the  peritoneal  cavity  is  developed 
from  the  walls  of  outgrowths  of  the  archenteron,  but  the  greater  part  of 
the  mesoblast  is  derived  from  the  amceboid  oells  bndded  off  from  the  walls 
of  the  archenteron  (fig.  210). 

19—2 
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Eutoropnensta  (BalanogloHiu) — The  \toAy  cavity  is  derived  from 
two  pairs  of  alimentary  diverticula,  the  walls  of  which  give  rise  to  the 
greater  pai't  of  the  mesoblast. 

OhoTdata. — Paired  archenteric  outjirTowths  give  rise  to  the  whole  nie- 
Boblast  in  AmphioxuB  (fig.  211),  and  the  mode  of  formation  of  the  meso- 
blast in  other  Chordata  is  probably  secondarily  derived  from  this. 

3.  The  cells  which  will  form  the  mesoblast  become  marked  out 
very  early,  and  caonot  be  regarded  as  definitely  Bpringing  from 
either  of  the  primary  layers. 

Tnrbellaiia— Leptoplana  (fig.  312),  Planaria  polychroa  (1). 
Oluotopodft- — Lnmbricus,  &c. 
DlBcophora- 

It  is  very  possible  that  the  cases  quoted  under  this  head  pught  more 
properly  to  belong  to  group  1. 

4.  The  mesoblast  cells  are  split  off  from  the  epiblast. 
Nemertaa.— Larva  of  Desor.     The  mesoblast  is  stated  to  be  split  off 

from  the  four  invagioated  discs. 

5.  The  mesoblast  is  split  off  from  the  hypoblast. 
Nemertea — Some  of  the  ty|>eB  without  a  metamorphosis. 

Holltiaca- — Scaphopoda.  It  is  derived  from  the  latent!  and  ventral 
cells  of  the  hypoblast. 

Oephyrea — Phascoloeoma. 

Tertebrata.^In  most  of  the  Ichthyopsida  the  mesoblast  ia  derived 
from  the  hypoblast  (fig.  213).  In  some  types  {%.e.  most  of  the  Amniota) 
the  mesoblast  might  be  described  as  originating  at  the  lips  of  the  blasto' 
pore  (primitive  streak). 

6.  The  mesoblast  is  derived 
from  both  germinal  layers. 

Traclieata — Araneina  (fig.  214). 
It  is  derived  partly  from  cells  split  olF 
from  the  epiblast  and  partly  from  the 
yolk-cells;  but  it  is  probable  that  the 
statement  that  the  mesoblast  is  de- 
rived from  both  the  germinal  layers 
is  only  formally  accurate ;  and  that 
the  derivation  of  part  nf  the  mesoblast 
from  the  yolk-cells  is  not  to  be  in- 
terpreted as  a  derivation  &om  the 
hypoblast. 

Amniota. — The  derivation  of  the 
mesoblast  of  the  Amniota  from  both 
Blfi.  Ftd.  the  primary  germinal  layers  ia  with- 

Pie.   MO.      LoNcHiDDiNU,    sxmoB     out  doubt  a  secondary  process. 

The  conclusions  to  be  drawn 
from  the  above  summary  are  by  do 
means  such  as  might  have  been 
anticipated.     The  analogy  of  the 
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Ccelenterata  would  lead  ub  to  expect  that  tbe  mesoblast  would  be 
derived  partly  from   tbe   epiblast  and  partly  from  the  hypoblaat. 


>  AT  THBEK  BuoBS.     (Altez  EowaleTsky.) 

A.  Section  at  gaitrula  stage. 

B.  Section  of  &  Bomewfaat  older  embryo. 

C.  Section  throngh  the  antarioT  part  of  «ti]]  older  embryo. 

np.  nenralplato;  ne.  netUBl  canal;  mtt.  arohenteron  in  A,  and  meBeDteron  in  B 
andC;  eh.  notochord;  to.  meaoblaatio  somite. 

Such,  however,  is  not  for  the  most  part  the  case,  though  more 
complete  inTestigations  may  ahew  that  there  are  a  greater  number 
of  instances  in  which  the  mesoblast  has  a  mixed  origin  than  might 
be  supposed  from  the  above  summary. 

I  have  attempted  to  reduce  the  types  of  development  of  the 
mesoblast  to  six;  but  owing  to  the  nature  of  tbe  case  it  is  not 
always  easy  to  distinguish  the  first  of  these  from  the  last  four.  Of 
the  six  types  the  second  will  on  most  hands  be  admitted  to  be  tbe 
most  remarkable.  The  formation  of  hollow  outgrowths  of  the  ar- 
chenteron,  tbe  cavities  of  which  give  rise  to  the  body  cavity,  can 
only  be  explained  on  the  supposition  that  the  body  cavity  of  tbe 
types  in  wnicb  such  outgrowths  occur  is  derived  from  diverticula 
cut  off  from  the  alimentary  tract.  The  lining  epithelium  of  the 
diverticula — the  peritoneal  epithelium — is  clearly  part  of  the  primi- 
tive hypoblast,  and  this  part  of  the  mesoblast  is  clearly  bypoblastic 
in  origin. 


H- 


Fio.  313.     SxrnoKB  TBBOoaH  the  otum  or  Lbftoflihx  Tuiai.L,iBiB  in  thhbb 

STAOEB  or  DBVBiiOPVKNT.     (After  Hallez, ) 

(p.  epiblast;    m.  meeoblaEt;   hy.  yolk-celli  (hypoblaet);    hi.  blastopore. 

In  the  case  of  the  Chsetognatha  (Sagitta),  Brachiopoda,  and 
Amphioxus,  the  whole  of  the  mesoblast  originates  from  the  walls  of 
the  diverticula ;  while  in  the  Echinodermata  the  walls  of  the  diver- 
ticula only  give  rise  to  the  vaso-peritoneal  epith(>liin),  the  remainder 
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of  the  meeoblaat  being  derived  from  amceboid  cells  whidi  spriog 
from  the  walla  of  the  arcbenteron  before  the  origin  of  the  vaso- 
peritoDeal  outgrowths  (figa.  199  and  210). 

ReserviDg  for  the  moment  the  question  as  to  what  conclusions 
can  be  deduced  from  the  above  facts  as  to  the  origin  of  the  meso- 
blast,  it  ifl  important  to  determine  how  far  the  facta  of  embryology 
warrant  ua  in  auppoaing  that  in  the  whole  of  the  tnploblastic  forma 
the  body  cavity  originated  from  the  alimentary  diverticula.  There 
can  be  but  little  doubt  that  the  mode  of  origin  of  the  mesoblast  in 
many  Vertebrata,  ae  two  solid  plates  split  off  from  the  hypoblast,  in 
which  a  cavity  is  secondarily 
developed,  is  an  abbreviation  of 
the  process  observable  in  Am- 
phioxua;  but  this  process  ap- 
proaches in  some  forms  of  Ver- 
tebrata to  the  ingrowth  of  the 
mesoblast  from  the  lips  of  the 
blastopore. 

It  is,  therefore,  highly  pro- 
bable that  the  paired  ingrowths 
of  the  mesoblast  from  the  lips 
of  the  blastopore  may  have  been 
in  the  first  instance  derived  from 
a  pair  of  archenteric  diverticula. 
This  process  of  formation  of  the 
mesoblast  is,  as  may  be  seen  by 
reference  to  the  sumroaiy,  the 
most  frequent,  including  as  it 
does  the  Chsetopoda,  the  Hol- 
luBca,  the  Arthr(^K>da,  &c' 

While  there  is  no  difficulty  in 
the  view  that  the  body  cavity  may 
have  originated  from  a  pair  of  enteric  diverticula  in  the  case  of  the  forms 
where  a  bodj  cavity  is  present,  there  is  a  ooDaiderable  difficulty  in  holding 
this  view,  for  forms  in  which  there  is  no  body  cavity  distinct  from  the  ali- 
mentary diverticula, 

Of  these  types  the  Flatjelminthes  are  the  mnet  striking.  It  is,  no 
doubt,  possible  that  a  body  cavity  may  have  existed  in  the  Flatyelniinljiea, 
and  become  lost;  and  the  case  of  the  Discophora,  which  in  tWr  muscular 

'  The  wide  oootumioe  of  this  proceaa  was  fint  pointed  oat  bj  BaU.  He  holdi, 
bowerer,  a  peooliu  modifioktion  of  the  gMtrea  Oieory,  tor  wUiui  I  mnat  nier  the 
leader  to  hia  paper  (No.  384);  acoording  to  thi«  theor;  the  mesoblast  has  Bpnmg  Grom  a 
zone  of  oeUa  tA  the  blBStoiphers,  at  the  jaDotion  between  the  cells  whioh  will  be 
invagmated  and  the  epibl&st  celts.  In  the  bilateral  blaslotpbete,  from  which  he  holds 
that  aJI  the  higher  forms  (Bilateislift)  have  origiiiKled,  theae  cells  had  a  bilateral 
arrangement,  and  thns  the  bilateral  origin  of  the  mesoblaBt  is  explained.  The  origin 
of  the  mesoblast  from  the  hpi  of  the  blastopore  is  eiplained  by  the  position  of  its 
mother-cells  in  the  bUstoBphere.  It  need  scaroel;  be  said  that  the  views  alresdf  put 
forward  as  to  the  probable  mode  of  iwigiii  of  the  mesoblast,  founded  on  the  analog;  of 
the  CcBlenlerata,  are  quite  ineompatiUe  with  Babl'a  tbeoriM. 


Ay.  hypoblast ;  h-oI.  cells 
formed  aronnd  the  nuclei  of  the  folk  which 
have  enttted  the  hTpobUst. 
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and  coanective  tissue  systenu  as  irell  as  in  the  absence  of  a  body  cavity 
resemble  the  Platyelminthes,  may  be  cited  in  favour  of  this  view,  in  tha^ 
being  closely  related  to  the  Chcetopoda,  they  are  almost  certainly  descended 
from  ancestors  with  a  true  body  cavity.  The  usual  view  of  the  primi- 
tive character  of  the  Platyetmiuthes,  which  has  much  to  support  it,  is, 
however,  opposed  to  tlie  idea  that  the  body  cavity  has  disBppe(u«d. 

If  Kowslevsky'  is  right  in  atat< 
ing  that  he  has  found  a  form  inter- 
mediate between  the  Ctelenterata 
and  the  Platyelrainthes,  there  will 
be  strong  grounds  for  holding  that 
the  Platyelminthes  are,  like  the 
Ccelenterata,  forms  the  ancestors  of 
which  were  not  provided  with  a 
body  cavity. 

Perhaps  the  triploblaatica  are 
composed  of  two  groups,  viz.  (1)  a 
more  ancestral  group  (the  Platyel- 
minthes), in  which  there  is  no  body 

cavity  as  distinct  from  the  alimen-  fic.  314.    Ssciiox  tHr.oiiaH  ak  sx- 

tary,  and  (3)  a  group  descended  from     bbto  or  Auelem*  labtbihthica. 
these,  in  which  two  of  the  alimen-  Tbe  section   is  represented  nitb  the 

tary  diverticula  have  become  SPpa-     Vfntral  plate  npwards.    In  the    vantrJ 

rated  from  the  alimentary  tract  to     S!i!  rirt°/thr™l^n'',^^^'?^l  1^^ 
.  ■'....       Rives  TIM  to  toe  main  mosa  ol  tbe  meso- 

form  a  body  cavity  (remainmg  tri-     blast. 

ploblastica).      However  this  may  be,  yj.   jolk  diTided  into  large  polygonal  ' 

the  above  considerationsaresufficient      cells,  in  several  of  which  are  nnolei. 
to  shew  how  much  there  is  that  is 
still  obscuro  with  reference  even  to  the  body  cavity. 

If  embryology  gives  no  certain  sound  as  to  the  questions  just 
raised  with  reference  to  the  body  cavity,  still  less  is  it  to  be  hoped 
that  the  remaioiDg  questions  with  reference  to  the  origin  of  the 
mesoblast  can  be  satisfactorily  answered.  It  is  clear,  in  the  €rst 
place,  from  an  inspection  of  the  summary  given  above,  that  the 
process  of  development  of  the  mesoblast  is,  in  all  the  higher  forms, 
very  much  abbreviated  and  modified.  Not  only  is  its  diEFerentiation 
relatively  deferred,  but  it  does  not  in  most  cases  originate,  as  it  must 
have  dooe  to.  start  with,  as  a  more  or  less  continuous  sheet,  split  o£F 
from  parts  of  one  or  both  the  primary  layers.  It  originates  in  most 
cases  from  the  hypoblast,  and  although  the  considerations  already 
urged  preclude  us  from  laying  very  great  stress  on  this  mode  of 
origin,  yet  the  derivation  of  the  mesoblast  from  the  walls  of  archenteric 
outgrowths  Bu^ests  the  view  that  the  whole,  or  at  any  rate  the  greater 
part,  of  the  mesoblast  primitively  arose  by  a  process  of  histogenic  differ- 
entiation from  the  walls  of  the  archenteroo  or  rather  from  diverticula 

>  Zoologiieher  Arueiger,  Ko.  62,  p.  110.  This  form  has  been  named  b;  EowaleTsky 
Caloplana  Metichnikouiii.  Eowalevsky's  description  appears,  however,  to  be  qaite 
compatible  with  the  view  that  this  form  ia  a  creeping  Ctenophor,  in  no  wbj  related  to 
the  Tnrl>dUriana. 
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of  these  walls.  Tbis  view,  whicb  was  originally  put  forward  by 
myself  (No.  260),  appears  at  first  sight  very  improbable,  but  if  the 
statemeDt  of  the  Hertwigs  (No.  270),  that  there  is  a  large  develop- 
ment of  a  hypoblastic  muscular  system  in  the  Actinozoa,  is  well 
founded,  it  cannot  be  rejected  as  impossible.  Lankester  (No.  279). 
OD  the  other  hand,  has  urged  that  the  mode  of  origin  of  the  uieso- 
blast  in  the  Echinodermata  ia  more  primitive;  and  that  the  amoeboid 
cella  which  here  give  rise  to  the  muscular  and  connective  tissues  re- 
present cells  which  originally  arose  from  the  whole  inner  surface  of 
the  epiblast.  It  is,  however,  to  be  noted  that  even  in  the  Echino- 
dermata the  amceboid  cells  actually  arise  from  the  hypoblast,  and 
their  mode  of  origin  may,  therefore,  be  used  to  support  the  view  that 
the  main  part  of  the  muscular  system  of  higher  types  is  derived  &om 
the  primitive  hypoblast. 

The  great  changes  which  have  taken  place  in  the  development 
of  the  mesoblast  would  be  more  intelligible  on  this  view  than  on  the 
view  that  the  major  part  of  the  mesoblast  primitively  originated 
from  the  epiblast.  The  presence  of  food-yolk  is  much  more  frequent  in 
the  hypoblast  than  in  the  epiblast ;  and  it  is  well  known  that  a  lame 
number  of  the  changes  in  early  development  are  caused  by  food-yolk. 
If,  therefore,  the  mesoblast  has  been  derived  from  the  hypoblast, 
many  more  changes  might  be  expected  to  have  been  introduced  into 
its  early  development  than  if  it  had  been  derived  from  the  epiblast. 
At  the  same  time  the  hypoblastic  origin  of  the  mesoblast  would 
assist  in  explaining  how  it  has  come  about  that  the  development  of 
the  nervous  system  is  almost  always  much  less  modified  than  that 
of  the  mesoblast,  and  that  the  nervous  system  is  not,  as  might,  on 
the  grounds  of  Analogy,  have  been  anticipated,  as  a  rule  secondarily 
developed  in  the  mesoblast 

The  Hertwigs  have  recently  suggested  in  their  very  ioterentiug  memoir 

iNo.  171)  that  the  Triploblastica  are  to  be  divided  into  two  phyla,  (1)  the 
SnteroctBla,  and  (2)  the  FMudoctela;  the  former  gronp  containing  the 
ObBtopodn,  0«phyrett,  Sraohiopoda,  Nematodo,  Arthropoda,  Echinoder- 
mata, EnteropneuBta  and  Chorduta ;  Had  the  latter  the  Uoltuuca,  Folyzou, 
the  Kotifera,  and  Flatyelminibes. 

The  Enteroctela  are  forms  in  which  the  primitive  alimentary  diver- 
ticula have  given  origin  to  the  body  cavity,  while  the  major  part  of  the 
muscular  sjatem  has  originiited  from  the  epitfaeUal  walls  of  these  diver- 
ticula, part  however  Iming  in  dimdj  cases  also  derived  from  the  amoeboid 
cellsi'called  by  them  mesenchyme,  by  thu  second  pit>cesB  of  mesoblastiu 
differentiation  mentioned  on  p.  387. 

In  the  Paeudoccela  the  muscular  system  has  become  differentiated  from 
mesenchyme  cells ;  while  the  body  cavity,  whera  it  exista,  ia  merely  a 
split  in  Uie  mesenchyme. 

It  is  impossible  for  me  to  attempt  in  this  place  to  state  fully,  or  do 
justice  to,  the  original  and  BUggestive  views  contained  in  this  paper.  The 
general  conclusion  I  cannot  however  accept.  The  views  of  the  Ilertwigs 
depend  to  a  lai^  ezteut  upon  the  supposition  that  it  is  possible  to  dis- 
tiufruish  huitulogically  nmacle  cells  derived  from  epithelial  <^Ib,  from  thoao 
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dnnTed  hom  meaenchyaie  celln.  That  in  many  cases,  a,oA  atrikiDgly  so  in 
the  Chordata,  the  muscle  cells  retiiin  clear  indicationa  of  their  primitive  - 
origin  from  epithelial  oells,  I  freelj  admit;  but  I  do  not  believo  either 
t}iat  its  histolc^cal  character  can  ever  be  ooncluaive  aa  to  the  non- 
eiuthelial  origin  of  a  muscle  cell,  or  that  its  derivation  in  the  embi'yo 
from  an  indifferent  amteboid  cell  is  any  proof  that  it  did  oot,  to  start 
with,  originate  from  an  epithelial  cell. 

I  hold,  as  in  clear  from  the  preceding  statements,  that  such  immoDBe 
secondary  modifications  have  taken  place  in  the  development  of  the  nietto- 
blast,  that  no  such  definite  conclusions  can  be  deduced  from  its  mode  of 
development  as  the  Hertwigs  Bui)poBe. 

In  support  of  the  view  that  the  early  character  of  embiyonic  cells  is 
no  safe  index  as  to  their  phylogenetic  origin,  I  would  point  to  the  few 
following  facts. 

^1)  In  the  Porifera  and  many  of  the  CcBlenterata  (Kuoope  polystyla, 
QBryouia,  ius.)  the  hypoblast  (endoderm)  originates  from  celts,  which  ac- 
cording to  the  Hertwigs'  views  ought  to  be  classed  as  meiienchyme. 

(2)  In  numerous  instanoes  muscles  which  have,  phylogenetically,  an 
undoubted  epithelial  origin,  are  ontogenetically  derived  from  oells  which 
ought  to  be  olsstied  as  mesenchyme.  The  muscles  of  the  bead  iu  all  the 
higher  Vertebrata,  in  which  the  head  cavities  have  disappeared,  are 
examples  of  this  kiud;  the  muscles  of  many  of  the  Tracheata,  notably  the 
Anmeina,  must  alno  be  placed  in  the  same  category. 

(3)  The  Mollusca  are  considered  by  the  Hertwigs  to  be  typical  Fseudo- 
ctela.  A  critical  examination  of  the  early  development  of  the  mesoblast 
in  these  forms  demonstrates  however  that  with  reference  to  the  mesoblast 
ttiey  must  be  classed  in  the  same  group  as  the  Chietepoda.  The  mesoblast 
(Vol.  I.  p.  188)  clearly  originates  as  two  bands  of  cells  which  grow 
inwards  from  the  blastopore,  and  in  sonie  forms  (Paludina,  Vol.  l  fig. 
107)  become  divided  into  a  splanchuio  and  somatic  layer,  with  a  body 
cavity  between  them.  All  these  pi-oceeses  are  such  as  are,  in  other  in- 
stances, admitted  to  indicate  Euterocaslous  affinitiet. 

The  Bubaeqnent  conversion  of  the  mesoblast  elements  into  amteboid 
cells,  out  of  which  biuuohed  muscles  are  foiifued,  is  in  my  opiuion  simply 
due  to  the  envelopment  of  the  soft  Molluscoa  body  within  a  bard  shell. 

In  additiou  to  these  instances  I  may  point  out  that  the  distinction  be- 
tween the  PseudociBla  and  Enterocala  utterly  breaks  down  in  the  cose  of  the 
Diecophora,  and  the  Hertwigs  have  made  no  serious  attempt  to  discuss  the 
characters  of  this  group  in  the  light  of  their  theory,  and  that  the  derivation 
of  the  Echinoderm  muscles  from  mesenchyme  cells  b  a  difficulty  which  is 
very  slightly  treated. 

II.    Larval  forms:  their  nature,  origin  and  affinities. 

Prsliminary  coiuidfflratioiu.  In  a  general  way  two  types  of 
development  may  be  distinguisbed,  viz.  a  foetal  type  and  a  larval 
type.  In  the  fcetal  type  aniniala  undergo  the  whole  or  nearly  the 
whole  of  their  development  within  the  e^  or  within  the  body  of  the 
parent,  and  are  batched  Id  a  condition  closely  resembling  the  adult; 
and  in  the  larval  type  they  ate  bom  at  an  earlier  at^e  of  develop- 
ment, ID  a  condition  differing  to  a  greater  or  less  extent  frum  the 
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adult,  and  reach  the  adult  state  either  by  a  series  of  smaJI  steps,  or 
by  a  more  or  less  considerable  metamorphosis. 

The  satisfactory  application  of  embryologies  data  to  morphology 
depends  upon  a  knowledge  of  the  extent  to  which  the  record  of 
ancestral  history  has  been  preserved  In  development.  Unless 
secondary  changes  intervened  this  record  would  be  complete ;  it 
becomes  therefore  of  the  first  importance  to  the  embryologist  to 
study  the  nature  and  extent  of  the  secondary  changes  likely  to  occur 
in  the  foatal  or  the  larval  state. 

The  principles  which  govern  the  perpetuation  of  variations  which 
occur  in  either  the  larval  or  the  fostal  state  are  the  same  ae  those 
for  the  adult  condition.  Variations  favourable  to  the  survival  of  the 
species  are  equally  likely  to  be  perpetuated,  at  whatever  period  of 
life  they  occur,  prior  to  the  loss  of  the  reproductive  powers.  The 
possible  nature  and  extent  of  the  secondary  changes  which  may  have 
occurred  in  the  developmental  history  d  forms,  which  have  either  a 
long  larval  existence,  or  which  are  bom  in  a  nearly  complete  con- 
dition, is  primarily  determined  1:^  the  nature  of  the  favourable 
variations  which  can  occur  in  each  case. 

Where  the  development  is  a  fcetal  one,  the  fiivoarable  variations 
which  can  most  easily  occur  are — (1)  abbreviations,  (2)  an  increase 
in  the  amount  of  food-yolk  stored  up  for  the  use  of  the  developing 
embryo.  Abbreviations  take  place  because  direct  development  is 
always  simpler,  and  therefore  more  advantageous ;  and,  owing  to  the 
fact  of  the  foetus  not  being  required  to  lead  an  independent  existence 
till  birth,  and  of  its  being  in  the  meantime  nourished  by  food-yolk, 
or  directly  by  the  parent,  there  are  no  physiological  causes  to  pre- 
vent the  characters  of  any  stage  of  the  development,  which  are  of 
functional  importance  during  a  free  hut  not  during  a  foetal  existence, 
from  disappearing  from  the  developmental  histoiT>  All  oreans  of 
locomotion  and  nutrition  not  required  by  the  adult  will,  tat  this 
reason,  obviously  have  a  tendency  to  disappear  or  to  be  reduced  in 
foetal  developments ;  and  a  little  consideration  will  shew  that  the 
ancestral  stj^es  in  the  development  of  the  nervous  and  muscular 
systems,  organs  of  sense,  and  digestive  system  will  be  liable  to  drop 
out  or  be  modified,  wJien  a  simplijication  can  ther^y  be  effected.  The 
circulatory  and  excretory  systems  will  not  be  modified  to  the  same 
extent,  because  both  of  them  are  usually  functional  during  foetal  life. 

The  mechanical  effects  of  food-yolk  are  very  considerable,  and 
numerous  instances  of  its  influence  will  be  found  in  the  earlier 
chapters  of  this  work'.  It  mainly  affects  the  early  stt^^  of  de- 
velopment, i.e.  the  form  of  the  gastrula,  Ac. 

The  favourable  variations  which  may  occur  in  the  free  larva  are 
much  less  limited  than  those  which  can  occur  in  the  foetus.  Secondary 
characters  are  therefore  very  numerous  in  larvte,  and  there  may  even 
be  larvEB  with  secondary  characters  only,  as,  for  instance,  the  larvte 
of  Insects. 

'  For  nnnioronB  imtancea  of  tbis  kind,  vide  Chapter  xi.  of  Vol.  ii. 
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In  apite  of  the  liaHHty  of  larrcB  to  acquire  secondary  character, 
there  is  a  powerful  counter-balaacmg  inflnence  tending  towards  the 
preservation  of  ancestral  characters,  in  that  larrse  are  neceasmily 
compelled  at  alt  stages  of  their  growth  to  retain  in  a  funct^mai  state 
sudi  systems  of  organs,  at  any  rate,  as  are  essential  for  a  free  and 
independent  existence.  It  thus  comes  about  that,  in  spite  erf*  the 
many  causes  tending  to  produce  secondary  changes  in  larvte,  there 
is  always  a  better  chance  of  larrse  repeating,  in  an  unabbreviated 
form,  their  ancestral  history,  than  is  the  case  with  embryos,  which 
undergo  their  development  within  the  e^. 

It  may  be  further  noted  as  a  fact  which  favouns  the  relative 
retention  oy  larvte  of  ancestral  characters,  that  a  secondary  larval 
stage  is  lees  likely  to  be  repeated  in  development  than  an  ancestral 
stf^,  because  there  is  always  a  strong  tendency  for  the  former, 
which  is  a  secondarily  intercalated  link  in  the  chain  of  development, 
to  drop  out  by  the  occurrence  of  a  reversion  to  the  original  type  of 
development. 

The  relative  chances  of  the  ancestral  history  being  preserved  in 
the  fcetus  or  the  larva  may  be  summed  up  in  the  foUowing  way : — 
There  is  a  greater  chance  of  the  ancesta«I  history  being  lost  in  forms 
which  develop  in  the  egg ;  and  of  its  being  masked  in  those  which 
are  hatched  as  larvaa. 

The  evidence  from  existing  forms  nndoubtedly  confirms  the 
a  priori  considerations  just  urged'.  This  is  well  shewn  by  a  study 
of  the  development  of  Echinodermata,  Nemertea,  Mollusca,  Crustacea, 
and  Tunicata.  The  free  larvea  of  the  four  first  groups  are  more 
similar  amongst  themselves  than  the  embryos  which  develop  directly, 
and  since  this  similarity  cannot  be  supposed  to  be  due  to  the  larva) 
having  been  modified  by  living  under  precisely  similar  conditions, 
it  must  be  due  to  their  retaining  common  ancestral  characters.  In 
the  case  of  the  Tunicata  the  free  larvse  retain  much  more  completely 
than  the  embryos  certain  characters  such  as  the  notochord,  the 
cerebrospinal  cwoal,  etc.,  which  are  known  to  bo  ancestral 

Types  of  Iatts. — Although  there  is  no  reason  to  suppose  that 
all  larval  forma  are  ancestral,  yet  it  seems  reasouable  to  anticipate 
that  a  certtun  number  of  the  known  types  of  larvie  would  retain  the 
characters  of  the  ancestors  of  the  more  important  phyla  of  the  animal 
kingdom. 

Before  examining  in  detail  the  claims  of  various  larvss  to  such  a 
character,  it  is  necessary  to  consider  somewhat  more  at  lei^h  the 
kind  of  variations  which  are  most  likely  to  occur  in  larval  forms. 

'  It  has  long  been  kninm  lliftt  land  and  freshwater  forms  deretop  without  a 
metamorphcins  mncli  more  freqneD%  than  marine  formg.  Thu  is  probably  to  be 
explained  b;  the  faat  that  there  is  not  the  same  poiBibilit;^  of  a  land  or  freshwater 
speeieB  extending  itself  over  a  wide  area  bj  the  agency  of  fr«e  larva,  and  there  is, 
theielare,  mnob  less  advantage  in  the  exislenoe  of  anoh  larvte;  while  the  foot  of  ench 
larm  being  more  liable  to  be  preyed  upon  than  eggs,  which  are  either  oonoealed,  or 
oanied  abont  by  the  pamt,  might  render  a  larval  stage  abfolntely  disadTantageoDs. 
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It  is  probable  a  priori  that  there  are  two  kinds  of  larvee,  which 
may  be  distinguished  as  primary  and  secondary  larvee.  Primary 
larviB  are  more  or  less  modified  ancestral  forms,  which  have  continued 
uninterruptedly  to  develop  as  free  larvfe  from  the  time  when  they 
constituted  the  adult  form  of  the  species.  Secondary  larvte  are  those 
which  have  become  introduced  into  the  ontogeny  of  species,  the 
young  of  which  were  originally  hatched  with  all  the  characters  of  the 
udiilt ;  such  secondary  larvte  may  have  originated  from  a  diminution 
of  food-yolk  in  the  e^  and  a  consequently  earlier  commencement 
of  a  &ee  existence,  or  from  a  simple  adaptive  modification  in  the  just 
hatched  young.  Secondary  larval  forms  may  resemble  the  primary 
larval  forms  in  cases  where  the  ancestral  characters  were  retained 
by  the  embryo  in  its  development  within  the  egg;  bat  in  other 
instances  their  characters  are  probably  entirely  adaptive. 

Causes  tending  to  produce  secondary  changes  in  larvae. — The  modes 
of  action  of  natural  selection  on  larrse  may  probably  be  divided  more 
or  less  artificially  into  two  classes. 

1.  The  changes  in  development  directly  produced  by  the  existence 
of  a  larval  stage. 

2.  Tbe  adaptive  changes  in  a  larva  acquired  in  the  ordinary 
course  of  the  struggle  for  esistence. 

The  changes  which  come  under  the  first  head  consist  essentially 
in  a  displacement  in  the  order  of  development  of  certain  organs. 
There  is  always  a  tendency  in  development  to  throw  back  the 
diflerentiation  of  the  embryonic  cells  into  definite  tissues  to  as  lat« 
a  date  as  possible.  This  takes  place  in  order  to  enable  the  changes 
of  form,  which  every  organ  undergoes,  in  repeating  even  in  an 
abbreviated  way  its  phylogenetic  history,  to  be  eflFected  with  tbe 
least  expenditure  of  energy.  Owing  to  tliis  tendency  it  comes  about 
that  when  an  oi^nism  id  hatched  as  a  larva  many  of  the  organs  are 
still  in  an  undifferentiated  state,  although  the  ancestral  form  which 
this  larva  represents  had  all  its  organs  fully  differentiated.  In  order, 
however,  that  the  larva  may  be  enabled  to  exist  as  an  independent 
oi^anism,  certain  sets  of  organs,  e.g.  the  muscular,  nervous,  and 
digestive  systems,  have  to  be  histologically  differentiated.  If  the 
period  of  foetal  life  is  shortened,  an  earlier  differentiation  of 
certain  oigans  is  a  necessary  consequence;  and  in  almost  all  cases 
the  esistence  of  a  larval  sti^  causes  a  displacement  in  order  of 
development  of  organs,  the  complete  differentiation  of  many  organs 
being  retarded  relatively  to  the  muscular,  nervous,  and  digestive 
systems. 

The  possible  changes  under  the  second  head  appear  to  be  un- 
limited. There  is,  so  far  as  I  see,  no  possible  reason  why  an  indefinite 
number  of  organs  should  not  be  developed  in  larvae  to  protect  them 
from  their  enemies,  and  to  enable  them  to  compete  with  larvte  of 
other  species,  and  so  on.  The  only  limit  to  such  development 
appears  to  be  the  shortness  of  larval  life,  which  is  not  likely  to  be 
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prolonged,  sioce,  ceteris  paribus,  the  more  quickly  maturity  is  reached 
the  better  it  is  for  the  species. 

A  very  auper&cial  examination  of  marine  larvse  shews  that  there 
are  certain  peculiarities  common  to  most  of  tbem,  and  it  is  iniportant 
to  determine  how  far  such  peculiarities  are  to  be  regarded  as  adaptive. 
Almost  all  marine  larvce  are  provided  with  well-developed  organs  of 
locomotioD,  and  transparent  bodies.  These  two  features  are  precisely 
those  which  it  is  most  essential  for  such  larvee  to  have.  Organs  of 
locomotion  are  important,  in  order  that  larvie  may  be  scattered  as 
widely  as  possible,  and  so  disseminate  the  species ;  and  transparency 
is  very  important  in  rendering  larvte  invisible,  and  so  less  liable  to 
be  preyed  upon  by  their  numerous  enemies'. 

These  considerations,  coupled  with  the  fact  that  almost  all 
free-swimming   animals,   which   have   not   other    special   means  of 

[irotection,  are  transparent,  seem  to  shew  that  the  transparency  of 
arvie  at  all  events  is  adaptive ;  and  it  is  probable  that  organs  of 
locomotion  are  in  many  cases  specially  developed,  and  not  ancestral. 

Various  spinous  processes  on  the  larvae  of  Crustacea  and  Teleostei 
are  also  examples  of  secondarily  acquired  protective  organs. 

These  general  considerations  are  sufficient  to  form  a  basis  for  the 
discussion  of  the  characters  of  the  known  types  of  larvse. 

The  following  table  contains  a  list  of  the  more  important  of  such 
larval  forms : 

DiCTZMiDa.— The  InfaBorifbrm  Ibttb  (toI  i.  fig.  62). 

PoBiTBBA.— (a)   The  AmphiblMtnlA  lorra  (Bg.  316),  with  one-half  of  the  4K>dT 
ciliated,  and  the  other  half  without  cdlift;  (A)  ui  otaI  oniformly  ciliated  larva,  whioh 
majr  be  either  solid  or  have  the  form  of  a  vesicle. 
CauHTBBiTA. — The  pianola  (fig.  SIO). 

T1IHBEL1.UU  —  (a)  The  eight-lobed  larva  of  Ullller  (fig.  338) ;  (b)  the  larv«  of  Ootte 
and  UetschnikoR,  with  Botne  PUidinm  ohuacten. 
Nbhutu.— The  Filidinm  (fig.  321). 
TsnuTOiiL — The  Cercaria. 

BoTiFBKi, — The  TiodhaapheTe-like  larvB  of  Braehionui  (fig.  317)  and  Laoinnlaria. 

UoLi,oeci. — The  Troehoifben  larva  (fig.  318),  and  the  Bobeequsat  Teliger  larva 

(flg.319). 


Trocboapheie,  treqaetitly  with  diatlnet  traneverte  bands  of  Oilia.  They  are  olaMifled 
an  Atroohn,  Heiotroohn,  Telotroohn  (fig.  33£  a  and  flg.  336),  Polytroohn,  and 
Monotroohs  (fig.  336  b). 

Gbphtbii  Kd  hi. —Larval  fonns  like  those  of  pieoeding  gronps.  i.  specially 
oharactemtio  larva  ii  that  of  Bohinnii  (fig.  337). 

asTBiiuu  TcBiooLi.  -Aotinotiooha  (fig.  380),   with  a  poatoial  ciliated  ring  of 

Mtuapodi.— A  fnnctionally  heiapodons  larval  form  is  oommon  to  all  the  Chilognatha 
(vol.  1.  flg.  Hi). 

iKBBcn.— Tariou  Meoodary  larval  fomu. 

Cbvbuou.— The  Nanplins  (vol.  1.  flg.  208)  and  the  Zo«a  (vol.  i.  flg.  SIC). 

1  The  phoBphoT«soenee  ol  many  larvK  is  very  pecnliar.  I  ihonld  have  anticipated 
that  phoBphoresoeiiM  would  have  rendered  them  mach  more  liable  to  b«  eaptured  by 
the  forma  vbieh  feed  npon  them;  and  it  is  difBcnlt  to  see  of  what  advantage  it  oao  be 
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BcsmoDUKAU.— The  Anrioaluu  (fl«.  23S  a),  tbe  Bipiniurift  (Bg.  233  b),  txA  tbe 
Plnteiu  (B«.  924),  aad  the  tnnarerselj-rmged  Itrvn  of  Cnnoide*  (toL  l  fig.  368].  Tha 
three  first  of  which  can  be  ledaoed  to  a  oommon  tTpe  (flg.  2S1  c). 

ENTaBOFHBUBTi.^Tomaru  (Qg.  239). 

Uboohobd*  (TcKioiTA).— The  tadpole-like  Utrs  (vol  ii.  flg.  B). 

Guiouni.— A  luTA  with  a  dUo  with  adheuve  papilla  in  front  ol  tbe  month  (voL  n. 
ag.B7). 

Akuboub  Ampbibu.— The  tadpole  (vol.  n.  flg.  80). 

Of  the  larral  forms  included  In  the  above  list  a  certun  number 
are  probably  without  affinities  outside  the  group  to  which  they 
belong.  This  is  the  case  with  the  larvse  of  the  Myriapoda,  the 
Crustacean  larvie,  and  with  the  larval  forms  of  the  Chordata.  I 
shall  leave  these  forms  out  of  consideration. 


Fia.  US.    Two  rBBi  aiAOBS  m  thi  MVUiOpmira  ov  STOumkA  ■ 
(After  Behtatze.) 

A.  AmphiblastnlB  stage. 

B.  Sti^  ktter  the  oiluted  oella  have  oommenoed  to  be  invBgiiiBted. 

t.%.  segmentation  oavity;  «e.  gtannlBr  epiblaat  oella;  «n.  ciliated  hypoblast  oeUa. 

There  are,  again,  some  larval  forms  which  may  possibly  turn  out 
hereafter  to  be  of  importance,  but  from  which,  in  the  present  state  of 
our  knowledge,  we  cannot  draw  any  conclusions.  The  iufusorifonn 
larva  of  the  Dicyemidse,  and  tbe  Cercaria  of  the  Trematodes,  are  such 
forms. 

Excluding  these  and  certain  other  forms,  we  have  finally  left  for 
consideration  the  larvte  of  the  Ccelenterata,  tbe  Turbellaria,  the 
Botifera,  the  Nemertea,  the  Mollusca,  the  Folyzoa,  the  Bracbiopoda, 
the  Chetopoda,  the  Qepbyrea,  the  Echinodermata,  and  the  Entero- 
pneusta. 

The  larvse  of  theag  forms  can  be  divided  into  two  groups.  The 
one  group  contains  the  larva  of  the  Coelenterata  or  Planula,  the  other 
group  tbe  larvse  of  all  the  other  forms. 
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The  Plaoula  (tig.  216)  is  characterised  by  its  extreme  simplicity. 


epA 


Fio.  916.     Tbobe  i.iBVii.  STUBS  Of  EucoFB  POLTBTTLL     (AftsT  EowoIeTsk;.) 

A.  BlMtoepbere  stage  with  hypoblast  spheres  beooming  bndded  into  the  oentral 

B.  PlatmU  sts«B  with  solid  h;pablast. 

C.  PlaDoU  stage  with  a  gaatrio  oavity. 

tp.  epiblast;   hy,  hypoblast;    al.  gastrio oaTi^. 

It  is  a  two-layered  organism,  with  a 
form  varyii^  from  cylindrical  to  oval, 
and  usually  a  radial  symmetry.  So 
long  aa  it  remains  free  it  is  not 
usually  provided  with  a  moutb,  and  ^ 
it  is  as  yet  uncertain  whether  or 
no  the  absence  of  a  mouth  is  to  be 
r^;arded  as  an  ancestral  character. 
The  Flanula  is  very  probably  the  an- 
cestral form  of  the  Ccelenterata.  ^, 

The  larvas  of  almost  all  the  other 
groups,  although  they  may  be  sub- 
divided into  a  series  of  very  distinct 
types,  yet  agree  in  the  possession  of 
certain  common  characters'.  There 
is  a  more  or  less  dome-shaped  dorsal 
surface,  and  a  flattened  or  concave 
ventral  surface,  containing  the  open- 
ing of  the  mouth,  and  usually  ex- 
tending posteriorly  to  the  opening  of  '^i^^f't  *Z^t 
the  auus,  when  such  is  present. 

The  dorsal  dome  is  continued  in 
fbont  of  the  mouth  to  form  a  large  prcBoral  lobe. 

>  The  larra  of  the  Brachiopoda  does  not  poEseBB  most  of  the  characters  mentioned 
below.  It  U  probably,  all  tbo  same,  a  highly  diSerentiated  larval  fbrm  belongiDg  to  this 
group. 


Fia.  217.    Ehbiito  op  BtucmoNas 


(Aftet  Salensky.) 
month;  nu.  masticatory  appa- 
—  meeenteroD;  an.  suns; 
_and;  on.  ovary;  t.  tail 
(foot) ;  (r.  tioahsl  diM ;  tg.  sapra- 
CBSophageal  ganglion. 
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TLere  is  usually  present  at  first  an  uniform  covering  of  cilia;  but 
in  the  later  larval  stages  there  are  almost  alwa3'8  formed  definite 
bands  or  rings  of  long  cilia,  by  which  locomotion  is  effected.  These 
bands  are  often  produced  into  arm-like  processes. 

The  alimentary  canal  has,  typically,  the  form  of  a  bent  tube  with 
a  ventral  concavity,  constituted  (when  an  auus  is  present)  of  three 
sections,  viz.  an  {esophagus,  a  stomach,  and  a  rectum.  The  oeso- 
phagus and  sometimes  the  rectum  are  epiblastic  in  origin,  while  the 
stomach  always  and  the  rectum  usually  are  derived  from  the  hypo- 
blast'. 

To  the  above  characters  may  he  added  a  glass-like  transparency ; 
and  the  presence  of  a  wid- 
ish space  possibly  filled 
with  gelatinous  tissue,  uid 
often  traversed  by  contrac- 
tile cellfl,  between  the  ali- 
mentary tract  and  the  body 
wall 

Considering  the  very 
profound  differences  which 
exist  between  many  of 
these  larvae,  it  may  seem 
that  the  characters  just 
enumerated  are  hardly  suf- 
ficient to  justtiy  my  group- 
ing them  tt^ether.  It  \b, 
however,  to  be  home  in 
mind  that  my  grounds  for 
doing  BO  depend  quite  as 
ttu.  much  upon  the  fact  that 
they    constitute    a    series 


Fi«.  218.     DuaBAM  of  tx  kiiBBio  or  Plkdbo' 
BftiscoiDniM.     (From  lAnkeater.) 

/.foot;   (J(.  otoeyat;   m.  mouth;   i;.  Telom;  nj. 
Derre  sanglioQ ;    ry.  i«iidnsl  yolk  ipht 
Bhell-^BDd;  i.  inteatiue. 


Fia.  319.    LjLbvjb  of  OEpauorBOKorB  Uou-irsc*  o 

(From  Oegenbauj.) 
.  and  B.    Earlier  Hid  later  Bt«£«  of  Qarteropod. 

r.  Telam;   e.  ehelli  p.  foot;   op.  operonli: 
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without  any  great  breaks  in  it,  as  upon  the  existence  of  charncters 
common  to  tbe  whole  of  them.  It  is  also 
worth  noting  that  most  of  the  characters 
which  have  oeen  enumerated  as  commoQ  to 
the  whole  of  these  larvie  are  uot  such  second- 
ary characters  as  (in  accordance  with  the 
considerations  used  above)  might  be  expected 
to  arise  from  the  fact  of  their  being  sub- 
jected to  nearly  similar  conditions  of  life. 
Their  transparency  is,  no  doubt,  such  a 
secondary  character,  and  it  is  not  impossible 
that  the  existence  of  ciliated  bands  may  be 
so  also ;  but  it  is  quite  possible  that  n,  as 
I  suppose,  these  larvse  reproduce  the  cha- 
racters of  some  ancestral  form,  this  form  may 
have  existed  at  a  time  when  all  marine 
animals  were  free-swimming,  and  that  it 
may,  therefore,  have  been  provided  with  at 
least  one  ciliated  band. 

The  detailed  consideration  of  the  charac- 
ters of  these  larvee,  given  below,  supports 
this  view. 

This  great  class  of  larvie  may,  as  already 
stated,  be  divided  into  a  series  of  minor  subdivisions.     These  sub- 
divisions are  the  following ; 

1.  The  FilidiTUn  Group. — This  group  ia  characterised  by  the 
mouth  being  situated  nearly  in  the  centre  of  the  ventral  surface,  and 
by  the  absence  of  an  anus.     It  includes  the  Pilidium  of  the  Nemer- 


Fio.  330.  Larva  or  Ar- 
tors.  (From  Ge^enbanr; 
■Iter  Eowalevskf .) 

Iia.  nULUtle ;  b.  seta  ; 
i.  ftrotaenteToD. 


Fio.  221.     Two  siAOBfl  IK  TBI  TiBTBl^nflMl  Of  PiLiDlDM.     {tdWt  Metsohnikoff.) 
'.  fflBophaguH;    it.   stomach;    am.    unnioti;   pr-d.   proatomiaL 


disc;  po.d.  metastomUl  di«oi  < 


oephalic  iaob  (Uteral  pit). 
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tioes  (fig.  221),  and  the  various  larvse  of  marine  Dendrocffila  (iig. 
222).  At  the  apex  of  the  pneoral  lobe  a  thickening  of  epiblast  may 
be  present,  from  which  {fig.  232)  a  contractile  cord  sometimes  passes 
to  the  cesophagiis. 

2.  The  Ecliiiioderm  Group.— This  group  (figs.  223,  224  and 
231  C)  is  characterised  b;  the  presence  of  a  longitudinal  pastoral 
band  of  cilia,  by  the  absence  of  special  sense  organs  in  the  pneoral 
region,  and  by  the  development  of  the  body-cavity  as  an  outgrowth 
of  the  alimentary  tract.  The  three  t3^ical  divisions  of  the  ^imen- 
tary  tract  are  present,  and  there  is  a  more  or  less  developed  pneoral 
lobe.     This  group  only  includes  the  larvce  of  the  Echinodermata. 

3.  The  Trochoaphere  Group. — This  group  (figs.  225,  226)  is 
characterised  by  the  presence  of  a  pneoral  ring  of  long  cilia,  the 
region  in  front  of  which  forms  a  great  part  of  the  prEeoral  lobe.  The 
mouth  opens  immediately  behind  the  prseorai  ring  of  cilia,  and  there 


Fia.  333.     A.    L&bvi  of   Eurti.bfta  i 
Viewed  from  toe  bob.    (After  Hallez.) 

B.      MrLl.KB'B    TUBBELLABUH   LABVA    (PROBABIT    ThTSIMOZOOH).        TIEWED   fEOa   IBE 

vENTHAi.  BUBFACE.     (After  Mlillsr.)    The  ciliated  band  is  repreBented  by  the  black  line. 

rn.  moath;  u.l.  npper  lip. 

is  very  often  a  second  ring  of  short  cilia  parallel  to  the  main  ring, 
immediately  behind  the  mouth.  The  function  of  the  ring  of  short 
cilia  is  nutritive,  in  that  its  cilia  are  employed  in  bringing  food  to 
the  mouth ;  while  the  function  of  the  main  ring  is  locomotive.  A 
perianal  patch  or  ring  of  cilia  is  often  present  (fig.  225  A),  and  in 
many  forms  intermediate  rings  are  developed  between  the  prsoral 
and  perianal  rings. 

The  pneoral  lobe  is  usually  the  seat  of  a  special  thickening  of 
epiblast,  which  gives  rise  to  the  supra-oBsophageal  ganglion  of  the 
adult.  On  this  lobe  optic  organs  are  very  often  developed  in  con- 
nection with  the  supra-cesophageal  ganglion,  and  a  contractile  band 
frequently  passes  from  this  region  to  the  cesophagus. 
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A.      TbB     LAHTil    0 


B.      TrB    UBTl    OP    AH     AhTEBOID. 

in.  month  i  (t.  atomaoh;  a.  aniu;  l.r. 
primitive  longitudiiial  ciliated  baud;  pr.e. 
prsorftl  ciliated  band. 
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The  alimeDtary  tract  is  formed  of  the  three  typical  divisions. 

The  body  cavity  ia  uot  developed  directly  as  an  outgrowth  of  the 
alimentary  tract,  though  the  pro- 
cess by  which  it  originates  is  very  A.  B 
probably     flecoodarily    modified 
from  a  pair  of  alimeatary  out- 
growths.                                               ^' 

Paired  excretory  organs,  open- 
ing to  the  exterior  and  ioto  the 
body  cavity,  are  often  present 
(fig.  226  nph). 

This  type  of  larva  is  found  in 
the  Rotifera  (fig.  217)  (in  which 
it  is  preserved  in  the  adult  state), 
the  ChEetopoda  (figs.  225  and 
226),  the  Moliusca  (fig.  218),  the 
Qephyrea  uuda  (fig.  227),  and 
the  Polyzoa  (fig.  228) '. 

4.  Tomana. — This  larva 
(fig.  229)  is  intermediate  in  most 
of  its  characters  between  the 
larvse  of  the  Echinodermata  (more  especially  the  Bipinnaria)  and  the 
Trochosphere.  It  resembles  Ecbinoderm  larvee  in  the  possession  of 
a  longitudinal  ciliated  band  (divided  into  a  prseoral  and  a  postoral 
ring),  and  in  the  derivation  of  the  body  cavity  and  water-vascular 
vesicle  from  alimentary  diverticula ;  and  it  resembles  the  Trocho- 
sphere in  the  presence  of  sense  organs  on  the  prieoral  lobe,  in  the 
existence  of  a  perianal  ring  of  cilia,  and  in  the  possession  of  a  con- 
tractile band  passing  from  the  prsooral  lobe  to  the  cesophagus. 

6.  Actmatrocha.— The  remarkable  larva  of  Phoronis  (fig.  230), 
known  as  Actinotrocha,  is  charac- 
terised by  the  presence  of  (I)  a  post- 
oral  and  somewhat  longitudinal  cili- 
ated ring  produced  into  tentacles,  and 
(2)  a  penanal  ring.  It  is  provided 
with  a  pnnoral  lobe,  and  a  terminal 
or  somewhat  dorsal  anus. 

6.  Tlie  larra  of  th«  bachio- 
poda  articnlata  (fig.  220). 

The  relationships  of  the  six  types 
of  larval  forms  thus  briefly  charac- 
terised have  been  the  subject  of  a  con- 
siderable amount  of  controversy,  and 
the  following  suggestions  on  their  af- 
finities must  be  viewed  as  somewhat 
speculative. 


Fio.  224.      A   LiSvA   OF   Bthonoi. 

(From  Agasaiz.) 

..  moath;  a,  anuBj  o.  ssnphagoi; 

omwh  1   c.  intestine;   c'.  and  v. 

_,       _..,.,.  ,  -     ciliated   ridges;      ».    water-vaMalar 

J  he   rilldmm   type   ot      mto;  r.  calcareona  rod*. 


'  For  a  discoBnon  an  to  the 


of  the  P0I7EOO 


larra,  vide  Vol.  i.  p.  26.1. 
20—2 
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larva  is  id  Bonie  important  respects  lees  highly  differentiated  than  the 
larve  of  the  five  other  groups.  It  is,  in  the  first  place,  without  an 
anus;  and  there  are  no  grounds  for  supposing  that  the  anus  has 
become  lost  by  retrt^ressive  changes.  If  for  the  moment  it  is  granted 
that  the  Pilidium  larva  represents  more  nearly  than  the  larvte  of  the 
other  groups  the  ancestral  type  of  larva,  what  characters  are  we  led 
to  a3»ign  to  the  ancestral  form  which  this  larva  repeats  ? 

In  the  first  place,  this  ancestral 
form,  of  which  fig.  231  A  is    an 
ideal  representiition,  would  appear 
to  have  had  a  dome-shaped  body, 
with  a  flattened  oral  surface  and 
a   rounded    aboral    surface.      Its 
symmetry  was  radial,  and  in  the 
centre  of  the  flattened  oral  surface 
was  placed  the  mouth,  and  round 
its  edge  was  a  ring  of  cilia.     The 
passage  of  a  Pilidium-like  larva 
mto  the  vermiform  bilateral  Platy- 
elminth    form,   and    therefore    it 
may  be  presumed  of  the  ancestral 
form  which  this  larva  repeats,  is 
efiected   by   the  larva  becoming    Ud  band, 
more  elongated,  and  by  the  region 
between  the  mouth  and  one  end  of  the  body  becoming  the  prceoral 
region,  and  by  an  outgrowth  between  the  mouth  and  the  opposite 
end  developing  into  the  trunk,  an   anus 
becoming  placed  at  its  extremity  in  the 
higher  forms. 

If  what  baa  been  so  far  postulated  is 
correct,  it  is  clear  that  this  primitive  larval 
form  bears  a  very  close  resemblance  to  a 
simplified  free-swimming Ckelenterate  (Me- 
dusa), and  that  the  conversion  of  such  a 
radiate  form  into  the  bilateral  took 
place,  not  by  the  elongation  of  the  aboral 
surface,  and  the  formation  of  an  anus  there, 
but  by  the  unequal  elongation  of  the  oral 
face,  an  anterior  part,  together  with  the 
dome  above  it,  forming  a  prseoral  lobe,  and  ph^jon  ■^*°*  ' 
a  posterior  outgrowth  the  trunk  (figs.  226  band;  an.  Bans;  oi.  SHiDiwu. 
and  233);  while  the  aboral  surface  became 
the  dorsal  surface. 

This  view  fits  in  very  well  with   the  anatomical '  resemblancea 
between  the  Cffilenterata  and  the  Turbellaria',  and  shews,  if  true. 


prnorol  ciliated  band ;    u.  perianal  oilio- 


FlO.    326.  FoLTOOKDIQB 

lBva.    (Alter  Hatschek.) 

m,   mouth  \    $g.   Bnpra~<BK>' 
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1  many  Turbel- 


Fio.  287>  IiABTi  or  BcaniBUB.  (After 
Bttlensl^.) 

m.  month;  an.  anns;  iff.  rapra-oesopLa- 
geal  ganglion  {?). 


that  the  veotral  and  mediaD  poBition  of  the  mouth  i 
laria  is  the  primitive  one. 

The  above  fnggestion  as  to  the  mode  of  passage  from  the  radial  into  the 
bilateral  form  differs  largely  from 
that  uBually  held.     Lankester',  for  - 
instance,   givea    the   following  ac- 
count of  this  passage : 

"  It  has  been  rec(^i;nised  by 
various  writers,  but  notably  by 
Qegeubaur  and  Haeckel,  that  a 
condition  of  radiate  Bymmetry 
must  have  preceded  the  condition 
of  bilateral  symmetry  in  animal 
evolution.  The  Diblantala  may  be 
conceived  to  have  been  at  flrat 
absolutely  spherical  with  spherical 
synimetry.  The  eBtablishment  of 
a  mouth  led  necessarily  to  the 
establishment  of  a  atructural  axis 
(MtsBing  tbroiigh  the  mouth,  around 
which  axis  the  body  was  arrao) 
with  radial  symmetry.  This  o 
dition  is  more  or  less  perfectly 
maintained  by  many  Cmleuterates,  and  is  reassnmed  by  degradation  of 
higher  forms  (Echinoderms,  some  Cirrhipede»,  some  Tunicatea).  The  next 
step  is  the  differentiation  of  an  upper  and  a  lower  aurface  in  relation 
to  the  horiEootal  position,  with  mouth  placed  anteriorly,  assumed  by  the 
organism  in  locomotion.  With  the  differentiation  of  a  superior  and  inferior 
surface,  a  right  and  a  left  side,  complementary  one  to  the  other,  are 
necessarily  also  differentiated.  Thus  the  organism  becomes  bilaterally 
83rmmetrical.  The  Coelentera  are  not  wanting  in  indications  of  this 
bilateral  symmetry,  but  for  all  other  higher  groups  of  animals  it  is  a 
fundamental  character.  Probably  the  development  of  a  r^on  in  front  of, 
and  dorsal  to  the  mouth,  forming  the  Proslo- 
miuTo,  was  accomplished  part  paseu  with  the 
development  of  bilat«ral  symmetry.  In  the 
radially  symmetrical  Coelentera  we  find  very 
commonly  a  series  of  lobes  of  the  body-wall 
or  tentacles  produced  equally — with  radial 
symmetry,  that  is  to  say — all  round  the 
mouth,  the  mouth  terminating  the  main  axis 
of  the  body — that  is  to   say,  the   organism 

being  '  teloetomiate.'     The  later  fundamental  ^^^  233      Duomm   01 

form,  common  to  all  animals  above  the  Cce-     i..m,.  or  thb  Polizoa. 
lentera,  is  attained  by  shifting  what  was  the  „,  month;   an.  sqdb; 

main  axis  of  the  body — so  that  it   may  be     Blomach;  (.  ciliated  disc. 


S3,  p.  140,  as  being  inteimediate  between  the  Ctenophora  and  (be  Tutbellaiia.  Ab 
alroady  mentioned,  there  does  not  appear  to  me  to  be  safBcient  evidence  to  prove  that 
this  form  is  not  merely  a  creeping  Ctenophor. 

'  Quart.  Jourw.  of  Micr.  Scitnee,  Vol.  xvii.  pp.  429-8. 
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described  now  aa  th« '  enteric  'axia;  whilst  the  Qew  nuun  axis,  that  parallel 
with  the  place  of  progression,  passes  through  the  dorsal  region  of  the  body 
running  obliquely  in  relation  to  the  enteric  axis.  Only  one  lobe  or  out- 
growth of  those  radially  dispoeed  in  the  teloetoniiate  orgamsms  now  per- 
aiats.  This  lobe  lies  dorsally  to  the  mouth,  and  through  it  runs  the  new 
main  axis.  This  lobe  is  the  Protlomium,  and  all  the  organisms  which 
thus  develop  a  new  main  axis,  oblique  to  the  old  main  axis,  may  be  called 
prostomiat«." 

It  will  be  seen  &om  this  quotation  that  the  aboral  part  of  the  body  is 
supposed  to  elongal«  to  form  the  trunk,  while  the  prworal  regioD  is  derived 
from  one  of  the  tentacles. 

Before  proceediug  to  further  considerations  as  to  the  origin  of  the 
Bilateralia,  suggested  by  the  Pilidium  type  of  larva,  it  is  necesssaiy 
to  enter  into  a  more  detailed  comparison  between  our  larval  forms. 

A  very  superficial  consideration  of  the  characters  of  these  forms 
brings  to  light  two  important  features  in  which  they  differ,  viz. : 

(1)  In  the  presence  or  absence  of  sense  orgsins  on  the  prseoral 
lobe. 

(2)  [n  the  presence  or  absence  of  outgrowths  from  the  alimentary 
tract  to  form  the  body  cavity. 

The  larvie  of  the  Echinodermata  and  Actinotrocha  (?)  are  without 
Rense  organs  on  the  prse- 
oral  lobe,  while  the  other 
types  of  larvee  are  provided 
with  them.  Alimentary 
diverticula  are  character-  . 

istic  of  the   iarvte  of  the 
Cchinodermata  and  ufTor- 


If  the  conclusion  al- 
ready arrived  at  to  the 
effect  that  the  prototype 
of  the  six  larval  groups 
was  descended  from  a  ra- 
diate ancestor  is  correct,  it 
appears  to  follow  that  the 
nervous  system,  in  so  far 
as  it  was  differentiated, 
had  primitively  a  radiate 
form ;  and  it  is  also  pro- 
bably true  that  there  were 
alimentary  diverticula  in 
the  form  of  radial  pouches, 
tivo  of  which  may  have 
given  origin  to  the  paired 
diverticula  which  become 
the  body  cavity  in  such 
types   as   the    Echinoder- 


FlO.  336.       Two    ftTAOES    IN 

or  ToBNABLi.     (After  HetschnilioS.) 

The  blHck  lines  represent  the  ciliated  bands. 
nt.  moDtli;    an.  anus;    tr.  bnmohial  deft;    At. 
heart ;  e.  body  cavity  between  splanchnic  and  so- 
matic meBoblaet  layers;  ic.  so- colled water-TaMDlar 
vesicle;  r.  circular  blood -Tcssel. 
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mata,  Sagitta,  etc.  If  these  two  points  are  granted,  the  further 
coDclusiDiiB  seem  to  follow — (1)  that  the  ganglion  and  eenne  organs  of 
the  pneoral  lobe  were  secondary  struc- 
tures, which  arose  (perhaps  as  difTereDtia- 
tions  of  au  original  circular  nerve  ring) 
after  the  assumption  of  a  bilateral  form; 
and  (2)  that  the  absence  of  these  organs 
in  the  larvse  of  the  Echtnodermata  and 
Actinotrocha  (?)  implies  that  these  larvEe 
retain,  so  far,  more  primitive  characters 
than  the  Pilidium.  The  same  may  be 
said  of  the  alimentarv  diverticula.  There 
are  thus  indications  that  in  two  important 
points  the  Echinoderm  larvte  are  more 
primitive  than  the  Pilidium. 

The  above  conclusions  with  reference 
to  the  Pilidium  and  Echinoderm  larvs  in- 
volve some  not  inconsiderable  difficulties,  ""^ 
and  suggest  certain  points  for  further  dis-         p,^   ^^       Achkoteoori. 
CUSSlon.                                                                             (AftwMetBchnikoft.J 

In  the   first  place  it  is  to  be  noted  m.  mouth;  an.  uiaa. 

that    the    above    speculations  render  it 

probable  that  the  type  of  nervous  system  from  which  that  found 
m  the  adults  of  the  Echinodormata,  Platyelminthes,  Chcetopoda, 
MoUusca,  etc.,  is  derived,  was  a  circumoral  ring,  like  that  of  Medusas, 


Fro,  231.    TasHB  DuauHB 

A.  Ideal  aooeatnl  larval  form. 

B.  Larval  form  from  which  the  Trochoephere  larra  may  have  been  derived. 

C.  Larval  form  from  which  the  typioal  Eohiaodenu  larva  may  have  been  derived. 

m.  moQih;  an.  ham;  tL  etomaoh ;  t.g.  Bupn-<BBOphaeeal  gangUou. 
The  black  lines  represent  the  ciliated  bands. 
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witb  which  radially  arranged  sense  organs  may  have  been  connected ; 
and  that  in  the  Echinodeniiata  this  form  of  nervous  system  has  been 
retained,  while  in  the  other  types  it  has  heen  modified.  Its  anterior 
part  may  have  given  rise  to  supranssophageal  ganglia  and  organs 
of  vision  ;  these  being  developed  on  the  assumption  of  a  bilaterally 
symmetrical  form,  and  the  consequent  necessity  arising  for  the  sense 
organs  to  be  situated  at  the  anterior  end  of  the  body.  If  this 
view  is  correct,  the  question  presents  itself  as  to  how  far  the  posterior 
part  of  the  nervous  system  of  the  Bilateralia  can  be  regarded  as 
derived  from  the  primitive  radiate  ring. 

A  circumoral  nerve-riug,  if  longitudinally  extended,  might  give 
rise  to  a  pair  of  nerve-corda  united  in  front  and  behind — exactly 
such  a  nervous  system,  in  fact,  as  is  present  in  many  Nemertines'  (the 
Enopla  and  Felagonemertei),  in  Peripatus',  and  in  primitive  molluscan 
types  (Chiton,  Fissurella,  etc.).  From  the  lateral  parts  of  this  ring 
it  would  he  easy  to  derive  the  ventral  cord  of  the  Chietopoda  and 
Arthropoda.  It  is  especially  deserving  of  notice  in  connection  with 
the  nervous  system  of  the  above-mentioned  Nemertines  and  Feripatus, 
tliat  the  commissure  connecting  the  two  nerve-cords  behind  is  placed 
on  the  dorsal  side  of  the  intestine.  As  is  at  once  obvious,  by  referrii^ 
to  the  diagram  (fig.  231  B),  this  is  the  position  this  commissure  ought, 
undoubtedly,  to  occupy  if  derived  from  part  of  a  nerve-ring  which 
originally  followed  more  or  less  closely  the  ciliated  edge  of  the  body 
of  the  supposed  radiate  ancestor. 

The  fact  of  tbi3.arrangemeQt  of  the  nervous  system  being  found 
in  so  primitive  a  type  as  the  Nemertines  tends  to  establish  the  views 
for  which  I  am  arguing;  the  absence  or  imperfect  development  of 
the  two  longitudinal  cords  in  Turbellarians  may  very  probably  be  due 
to  the  posterior  part  of  the  nerve-ring  having  atrophied  in  this  group. 

It  is  by  DO  means  certain  that  this  arrangement  of  the  nervous 
system  in  some  MoUusca  and  in  Peripatus  is  primitive,  though  it 
may  be  so. 

In  the  larvce  of  the  Turbellaria  the  development  of  Bense  organs  in  the 
pneoral  region  is  very  clear  (fig.  222  B) ;  but  this  is  by  no  meaiiB  ao  obvious 
in  the  case  of  the  true  Pilidium.  There  b  in  Piltdium  (fig.  232  A)  a 
thickening  of  epibla^t  at.  the  uummit  of  the  dorsal  dome,  which  might  seem, 
from  the  analogy  of  Mitraria,  etc  (&g.  233),  to  oorraipond  to  the  thickening 
of  the  pneoral  lobe,  wliich  gives  rise  to  the  supra^sophageal  ganglion;  bnt, 
as  a  mutter  of  fa^  this  part  of  the  hirva  does  not  apparently  enter  into 
the  formation  of  the  young  Neisertine  (Sg.  232).  The  peculiar  metamor- 
phosis, which  takes  place  in  the  development  of  the  N^emertine  out  of  the 
Pilidium',  ma^y,  perhaps,  eventually  supplyan  explanation  of  this  fact;  but 
at  present  it  remains  as  a  still  unsolved  dit&culty. 


'  Vide  Habrecht,  "  Zur  Anat,  nnd  PhjB.  d.  Nerrea-Syatem.  d.  Nemertineii,"  KSn. 
Akad.  WUt;  Amsterdam;  and  "BeBearoheB  on  the  NeironB  System  of  NemerUnea," 
yuart.  Joam.  of  Hicr.  Science,  1S80. 

'  VitU  F.  H.  Batfonr,  "  Od  some  points  in  the  Anat.  of  Peripatus  capenau,"  Quart. 
Joaru.  ofMier.  SHfWe.  Vol.  iii.  1879. 

'  ride  Vol.  I.  p.  16tf. 
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The  pooition  of  the  flagellum  in  Filidium,  and  of  the  supnv-cBBophageal 
gunglion  in  Mitraria,  auggesta  a  different  view  of  the  origin  of  the  supra- 
(ssophageal  ganglion  from  that  adopted  above.    The  position  of  the  ganglion 
in  Mitnu-ia  corresponds  closely  with  that  of  the  auditor;  organ  in  Cteno- 
phora;  and  it  is  not  inipoesible  that  the  two  stractures  m&jr  have  had  a 
common  origin.     If  this 
view  is  correct,  we  must 
aitppoiie  that  the  apex  of 
the  aboiul  lobe  has  be- 
come the  centre  of  the 
pneora)  field  of  the  Pi- 
lidiuni  and  Trochosphere 
larval    forms' — a    view 
which  fits  in  very  well 
with     their     atructnre 
(figs.  226  and  233).    The 
whole  of  the  questions 
concerning  the  nervoiui 
system  are  still  very  ob- 
scure, and  until  further 
fftct«  are  brought  to  light 
no  definite    conclusions 
can  ba  arrived  at. 

The  absence  of 
sense  organs  on  the 
prseoral  lohe  of  larval 
Echinodermata,  cou- 
pled with  the  structure 
of  the  nervous  system 
of  the  adult,  points  to 
the  conclusion  that  the 
adult  Echinodermata 
.  have  retained,  and  not, 
as  is  now  usua'ly  held, 
secondarily  acquired, 
their  radial  symmetry ; 
and  if  this  is  admitted 
it  follows  that  the  ob- 
vious bilateral  sym- 
metry of  Echinoderm 
larvie  is  a  secondary  character. 

The  bilateral  symmetry  of  many  Ccelenterate  Iarv£e  (the  larva  of 
j^ginopsis,  of  many  Acraspeda,  of  Actinia,  &c.),  coupled  with  the  fact 
that  a  bilateral  symmetry  is  obviously  advantageous  to  a  free-swim- 
ming form,  is  sufBcient  to  shew  tliat  this  supposition  is  by  no 
means   extravagant;     while   the   presence   of  only  two  alimentary 

'  The  indspenlent  development  al  the  sapra-iBBophagettl  ganglion  and  ventral 
neive.<:cird  in  Chntopoda  {vidt  Kleineoberg,  Dfvclo}ment  of  Lumbriau  trapeioidtt) 
agrees  very  aatisfaotoTily  with  this  view. 


1.     PUilDItTM  WITB 
B.      BiPE    ENBBIO    or   NeMEBTES   IH    tSB 

PiLiDmu.   (BothafterBiltBcbli.) 
d.  (BBopbagns;    f(.  stomaoh;    t.  mleBtine;    pr.  pro- 
boscia;  Ip.  lateral  pit  (oephalio  saok);  an.  amiiioii:  n. 
nervona  systam. 
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diverticula  in  Echinoderm  lamB  is  quite  in  iiccord  with  the  presence 
of  a  single  pair  of  perigastric  chambers  in  the  early  larva  of  Actiuia, 
though  it  must  be  admitted  that  the  derivation'  of  the  water-vascular 
system  from  the  left  diverticulum  is  aot  eaay  to  understaad  on  this 
view. 

A  difiSculty  in  the  above  speculation  ia  presented  by  the  fact  of 
the  anua  of  the  Ekihinodermata  being  the  permauent  blastopore,  and 
arising  prior  to  the  mouth.  If  this  fact  has  any  special  significance, 
it  becomes  difiBcult  to  regard  the  larva  of  Echinoderms  and  that  of 
the  other  types  as  in  any  way  related  ;  but  if  the  views  already  urged, 
in  a  previous  section  on  the  germinal  layers,  as  to  the  unimportance  of 
the  blastopore,  are  admitted,  the  fact  of  the  anus  coinciding  with  the 
blastopore  ceases  to  be  a  di£Bculty,  As  may  be  seen,  by  referring  to 
fig.  231  C,  the  anus  is  placed  on  the  dorsal  side  of  the  ciliated  band. 
This  position  for  the  anus  adapts  itself  to  the  view  that  the  Echino- 
derm  larva  had  originally  a  radial  symmetry,  with  tke  anus  placed  at 
the  ahoral  apex,  aud  that,  with  the  elongation  of  the  larva  on  the 
attainment  of  a  bilateral  symmetry,  the  aboral  apex  became  shifted 
to  the  present  position  of  the  anus. 

It  may  be  noticed  that  the  obscure  points  oonnected  with  the  absence  of 
a  body  cavity  in  moat  adult  Platyelminthen,  which  have  already  been  de&lt 
with  in  the  section  of  this  chapt«r  devoted  to  the  germinal  layers,  present 
theuBelves  again  here ;  and  that  it  is  neceHsary  to  assume  either  that 
alimentary  diverticula,  like  those  in  the  Echinodermata,  were  primitively 
preeeat  in  the  Flatyelmiuthes,  but  have  now  disappeared  from  the  ontogeny 
of  this  grou|i,  or  that  the  alimentuy  divertdcuU  have  not  become  separated 
from  the  alimentary  tract. 

So  far  the  conclusion  has  been  reached  that  the  archetype  of  the 
BIZ  types  of  larvse  had  a  radiate  fonOi  and  that  amongst  existing  larvs 
it  is  most  nearly  approached  in  general  shape  and  in  the  form  of  the 
alimentary  canal  by  the  Pilidium  group,  and  in  certain  other  parti- 
culars by  the  Echinoderm  larvie. 

The  edge  of  the  oral  disc  of  the  larval  archetype  was  probably 
armed  with  a  ciliated  ring,  from  which  the  ciliated  ring  of  the  Pili- 
dium type  and  of  the  Echinodermata  was  most  likely  derived.  The 
ciliated  ring  of  the  Pilidium  varies  greatly  in  its  characters,  and  has 
not  always  the  form  of  a  complete  ring.  In  Pilidium  proper  (fig,  232  A) 
it  is  a  siinple  ring  surrounding  the  edge  of  the  oral  disc.  In  Milller's 
larva  of  Thysanozoon  (hg.  222  B)  it  is  inclined  at  an  axis  to  the 
oral  disc,  and  might  he  called  prseoral,  but  such  a  term  cannot  be 
properly  used  in  the  absence  of  an  anus. 

The  Echinoderm  ring  is  oblique  to  the  axis  of  the  body,  and, 
owing  to  the  fact  of  its  passing  ventrally  in  front  of  the  anus,  must 
be  called  postoral. 

The  next  point  to  be  considered  is  that  of  the  affinities  of  the 
other  larval  types  to  these  two  types. 

The  most  important  of  all  the  larval  types  is  the  Trochosphere, 
and  this  type  is  undoubtedly  more  closely  related  to  the  PiUdiiim 
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than   to   the   Ecbiaoderm   larva.     Mitraria  amongst  the  Cbietopods 


r  MiTBiBit.     (After  HeUchnikofr.) 
M.  month;    an.  vara;    ig.   anpra-csiopbftgeal   ganBlion;    br.   and  b.   proviiioDal 
briaUes;   pr.6.  pneonl  ciliated  band. 

(6g.  233)  has,  iudeed,  nearly  the  form  of  a  Filidiuni,  and  mainly 
differs  from  a  Filidium  in  the  possession  of  an  anus  and  of  provisional 
bristles;  the  same  may  be  said  of  Cyphouautes  (fig.  234)  amongst 
the  Polyzoa. 

The  existence  of  these  two  forms  appears  to  shew  that  the  prse- 
oral  ciliated  ring  of  the 
Trochosphere  may  very 
probably  be  derived  directly 
trom  the  circumoral  ciliat«d 
ring  of  the  Pilidium ;  the 
other  ciliated  rings  or 
patches  of  the  Trochosphere 
naving  a  secondary  origin. 

The  larva  of  the  Brachi- 
opoda  (fig.  220),  in  spite  of 
it8  peculiar  characters,  is, 
in  all  probability,  more 
closely  related  to  the  Cha;- 
topod  Trochosphere  than  to 
any  other  larval  type.    The 

most  conspicuous  point    of  P'»-  ^-^   C^phonadtBb    (^.ABVA   of    Mbubb*- 

J^L   i  ^u  bipoba).     (After  HatBohek.) 

agreement  between  them  IS,  _    .i,     -  i     »   i    i._j        „-« 

r*  ,  .        "  '  m.  mouth;  a.  tuna;  f.g.  loot  gland;  x.  pro- 

however,  the  possession  m  blem«tioal  body  (proUblj  a  bnd). 
common  of  provisional  setie.  The  aboral  ap«i  is  turned  downwards. 
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EchiDoderiD  larvse  diSer  from  the  Trocbosphere,  not  only  in  the 
points  already  alluded  to,  but  in  the  character  of  the  ciliated  band. 
The  Echinoderm  band  is  longitudinal  and  poetoral.  As  jtist  stated, 
there  ia  reason  to  think  that  the  pneoral  band  of  the  Trochosphere  and 
the  postoral  band  of  the  Echinoderm  larva  are  both  derived  from  a 
ciliated  ring  surrounding  the  oral  disc  of  the  prototype  of  these 
larvse  {vide  fig.  231).  In  the  case  of  the  £chinodermata  the  anus 
must  have  been  formed  on  the  dorsal  aide  of  this  ring,  and  in  the 
case  of  the  Trochosphere  on  the  ventral  aide;  and  so  the  difference 
in  position  between  the  two  rings  was  brought  about.  Another  view 
wiWi  reference  to  these  rings  has  been  put  forward  by  Gegenbaur 
and  Lankester.to  the  effect  that  the  preeoral  ring  of  the  Trochosphere 
is  derived  from  the  breaking  up  of  the  single  band  ofmost  Echin«>derm 
larvK  into  the  two  bands  found  in  Bipinnana  {vide  fig.  223)  and  the 
atrophy  of  the  posterior  band.  There  is  no  doubt  a  good  deal  to  be 
said  for  this  origin  of  the  pneoral  ring,  and  it  is  strengthened  by  the 
case  of  Tomaria ;  but  the  view  adopted  above  appears  to  me  more 
probable. 

Actinotrocha  (fig.  230)  undoubtedly  resembles  more  closely 
Echinoderm  larvte  than  the  Trochosphere.  Its  ciliated  ring  has 
Echinoderm  characters,  and  the  growth  along  the  line  of  the  ciliated 
ring  of  a  series  of  arms  is  very  similar  to  imat  takes  {dace  in  many 
Echinoderms.  It  also  (^ees  with  the  Echinoderm  larvae  in  the 
absence  of  sense  organs  on  the  pneoral  lobe. 

Tornaria  (fig.  229)  cannot  be  definitely  united  either  with  the 
Trochosphere  or  with  the  Echinoderm  larval  type.  It  has  important 
characters  in  common  with  both  of  these  groups,  and  the  mixture  of 
these  characters  renders  it  a  very  striking  and  well-defined  larval  form. 

Fhfloge&etio  oonclnsioiIB.  The  phylogenetic  conclusions  which 
follow  from  the  above  views  remain  to  be  dealt  with.  The  fact  that 
all  the  larvie  of  the  groups  above  the  Coelenterata  can  be  reduced  to 
a  common  type  seems  to  indicate  that  ail  the  higher  groups  are 
descended  from  a  single  stem. 

Considering  that  the  larvie  of  comparatively  few  groups  have 
persisted,  no  conclusions  as  to  affinities  can  be  drawn  from  the  ab- 
sence of  a  larva  in  any  group ;  and  the  presence  in  two  groups  of  a 
common  larval  form  may  be  taken  as  proving  a  common  descent,  but 
does  not  necessarily  shew  any  close  affinity. 

There  is  every  reason  to  believe  that  the  types  with  a  Trocho- 
sphere larva,  viz.  the  Botifera,  the  MoUusca,  the  Chsetopoda,  the 
Qepbyrea,  and  the  Polyzoa,  are  descended  from  a  common  ancestral 
form;  and  it  is  also  fairly  certain  there  was  a  remote  ancestor  common 
to  these  forms  and  to  the  Flatyelminthes.  A  general  affinity  of  the 
Brachiopoda  with  the  Cheetopoda  is  more  than  probable.  All  these 
types,  together  with  various  other  types  which  are  nearly  related  to 
them,  but  have  not  preserved  an  early  larval  form,  are  descended  irom 
a  bilateral  ancestor.  The  Echinodermata,  on  the  other  hand,  ai<e  pro- 
bably directly  descended  from  a  radial  ancestor,  and  have  more  or  less 
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completely  retained  tlieir  radial  aymtnetty.  How  far  Actinotrocha*  is 
related  to  the  Echinoderm  larvte  caauot  be  settled.  Its  characters 
naay  possibly  be  secoadary,  like  those  of  the  meaotrochal  larvsa  of 
Chietopods,  or  they  may  be  due  to  its  having  hranched  off  very 
early  from  the  stock  commoa  to  the  whole  of  the  forms  above  the 
Coelenterata.  The  ponition  of  Tomaria  is  still  more  obscure.  It  is 
difficult,  in  the  face  of  the  peculiar  water- vascular  vesicle  with  a  dorsal 
pore,  to  avoid  the  cooclusian  that  it  has  some  affinities  with  the 
Echinoderm  larva>.  Such  affinities  would  seem,  on  the  lines  of  specu- 
lation adopted  in  thb  section,  to  prove  that  its  affinities  to  the  Trocho- 
sphere,  striking  as  they  appear  to  be,  are  secondary  and  adaptive. 
From  this  conclusion,  if  justified,  it  would  follow  that  the  Echinoder- 
mata  and  EInteropneusta  have  a  remote  ancestor  in  common,  but  not 
that  the  two  groups  are  in  any  other  way  related. 

General  comdnsioiu  and  smnnuuy.  Starting  from  the  demon- 
strated fact  that  the  larval  forms  of  a  number  of  widely  separated 
types  above  the  Coelenterata  have  certain  characters  in  common,  it 
has  beoD  prommonall;/  assumed  that  the  characters  have  been  inherited 
from  a  common  ancestor;  and  au  attempt  has  been  made  to  determine 
(1)  the  characters  of  the  prototype  of  oU  these  larvee,  and  (2)  the 
mutual  relations  of  the  larval  forms  in  question.  This  attempt  started 
with  certain  more  or  less  plausible  suggestions,  the  truth  of  which 
can  only  be  tested  by  the  coherence  of  the  results  which  follow  from 
them,  and  their  capacity  to  ezpl^n  all  the  facts. 

The  results  arrived  at  may  be  summarised  as  follows : 

1.  The  larval  forms  above  the  Ccslenterata  may  be  divided  into 
six  grou^  enumerated  on  pages  305  to  307. 

2.  The  prototype  of  all  these  groups  was  an  oi^anism  something 
like  a  Medusa,  with  a  radial  symmetry.  The  mouth  was  placed  in  the 
centre  of  a  flattened  ventral  surface.  The  aboral  surface  was  dome- 
shaped.  Round  the  edge  of  the  oral  surface  was  a  ciliated  ring,  and 
probably  a  nervous  ring  provided  with  sense  organs.  The  alimentary 
canal  was  prolonged  into  two  or  more  diverticula,  and  there  was  no 
anus. 

3.  The  bilaterally  symmetrical  types  were  derived  from  this 
larval  form  by  the  larva  becoming  oval,  and  the  tegion  in  front  of  the 
mouth  forming  a  prxeoral  lobe,  and  that  behind  the  mouth  growing 
out  to  form  the  trunk.     The  aboral  dome  became  the  dorsal  surface. 

On  the  establishment  of  a  bilateral  symmetry  the  anterior  part 
of  the  nervous  ring  gave  rise  (!)  to  the  supra-cesophf^^eal  ganglia,  and 
the  optic  organs  connected  with  them ;  while  tne  posterior  part  of 
the  nerve-ring  formed  (i)  the  ventral  nerve-cords.  The  body  cavity 
was  developed  from  two  of  the  primitive  alimentary  diverticula. 

The  usual  view  that  radiate  forma  have  become  bilateral  by  the 
elongation  of  the  aboral  dome  into  the  trunk  is  probably  erroneous, 

4.  Filidium  is  the  larval  form  which  most  nearly  reproduces 

'  It  ia  quite  poasible  that  Phoronia  ia  in  no  waf  related  to  the  other  Qephyrea. 
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the  cboracterE  of  the  larval  prototype  io  the  course  of  its  conrersion 
iuto  a  bilateral  form. 

5.  The  Trochosphere  ia  a  oompletely  differentiated  bilateral  form, 
ia  which  an  anus  has  become  developed.  The  pneoral  ciliated  rin^ 
of  the  Trochosphere  is  probably  directly  derived  from  the  ciliated 
ring  of  Filidium,  which  is  itself  the  original  ring  of  the  prototype  of 
all  these  larval  forms. 

6.  Echinoderni  larvse,  in  the  abeence  of  a  nerve-ganglion  or 
special  organs  of  sense  on  the  prEeoral  lobe,  and  in  the  presence  of 
alimentary  diverticula,  which  give  rise  to  the  body  cavity,  retain  some 
characters  of  the  prototype  larva  which  have  beeu  lost  in  Pilidium. 
The  ciliated  ring  of  Echinodenn  larvss  is  probably  derived  directly 
from  that  of  the  prototype  by  the  formation  of  an  anus  on  the  dorsal 
side  of  the  ring.  The  anus  was  very  probably  originally  situated  at 
the  aboral  apex. 

Adult  Echinoderme  have  probably  retained  the  radial  symmetry 
of  the  forms  &om  which  they  are  descended,  their  nervous  ring  being 
directly  derived  from  the  circular  nervous  ring  of  their  ancestors. 
They  have  not,  as  ia  usually  supposed,  secondarily  acquired  their 
radial  symmetry.  The  bilateral  symmetry  of  the  larva  is,  on  this 
view,  secondary,  like  that  of  so  many  Coelenterate  larvte, 

7.  The  polots  of  similarity  betweeu  Tomaria  and  (I)  the  Trocho- 
sphere and  (2)  the  Echinoderm  larvse  are  probably  adaptive  in  the 
one  case  or  the  other ;  and,  while  there  is  no  difficulty  in  believing 
that  those  to  the  Trochosphere  are  adaptive,  the  presence  of  a 
water-vascular  vesicle  with  a  dorsal  pore  renders  probable  a  real 
affinity  with  Echinoderm  larvse. 

8.  It  is  not  possible  in  the  present  state  of  our  knowledge  to 
decide  how  far  the  resemblances  between  Actinotrocha  and  Echino- 
derm larvie  are  adaptive  or  primary. 
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PART   II. 

ORGANOGENY. 

Intkoi>uction. 

Our  knowledge  of  the  developmNit  of  the  organs  in  most  of  the 
Invertebrate  groups  is  so  meagre  that  it  would  not  be  profitable  to 
attempt  to  treat  systematically  the  organogeny  of  the  whole  animal 
kingdom. 

For  this  reason  the  plan  adopted  id  this  section  of  the  work 
has  been  to  treat  soinewfiat  fully  the  organogeny  of  the  ChonJata, 
which  is  comparatively  well  known;  and  merely  to  indicate  a  few 
salient  facte  with  reference  to  the  organogeny  of  other  groups.  In 
the  case  of  the  nervous  system,  and  of  some  other  organs  which 
especially  lend  themselves  to  this  treatment,  such  as  the  organs  of 
special  eense  and  the  excretory  system,  a  wider  view  of  the  subject 
has  been  taken ;  and  certain  general  principles  underlying  the  de- 
velopment of  other  organs  have  also  been  noticed. 

The  classification  of  the  organs  is  a  matter  of  some  difficulty. 
Considering  the  character  of  this  treatise  it  seemed  desirable  to 
arrange  the  oi^ans  according  to  the  layers  from  which  they  are 
developed.  The  compound  nature  of  many  organs,  e.g.  the  eye  and 
ear,  renders  it,  however,  impossible  to  carry  out  consistently  such  a 
mode  of  treatment.  I  have  accordingly  adopted  a  rough  classification 
of  the  organs  according  to  the  layers,  dropping  the  principle  where 
convenient,  as,  for  instance,  in  the  case  of  the  stomodseum  and  procto- 
.  dffium. 

The  organs  which  may  be  regarded  as  mainly  derived  from  the 
epiblast  are  (I)  the  skin;  (2)  the  nervous  system  ;  (3)  the  organs  of 
special  sense. 

Those  from  the  mesoblast  are  (I)  the  general  connective  tissue  and 
skeleton ;  (2)  the  vascular  system  and  body  cavity  ;  (3)  the  muscular 
ayst«m  ;  (4)  the  urinogenital  system. 

21— a 
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Those  from  the  hypoblast  are  the  alimentary  tract  and  its 
derivates;  with  which  the  stomodseum  and  proctodaeum  and  their 
respective  derivates  are  also  dealt  with. 
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CHAPTER  XIV. 
THE  EPIDERMIS  AND  ITS  DERIVATIVES. 


In  majiy  of  the  Coelenterata  the  outermost  layer  of  tlie  blaato- 
derm  is  converted  as  a  whole  ioto  the  skin  or  ectoderm.  The  cells 
composiDg  it  become  no  doubt  in  part  diiTerentiated  into  muscular 
elements  and  in  part  into  nervous  elements.  &c. ;  but  stilt  it  may 
remain  tlirough  life  as  a  simple  external  membrane.  This  membrane 
contains  in  itself  indefinite  potentialities  for  developing  into  various 
organs,  and  in  all  the  true  Triplohlastica  these  potentialities  are  more 
or  less  reaUzed.  The  embryonic  epiblast  ceases  in  fact,  in  the  higher 
forms,  to  become  converted  as  a  whole  into  the  epidermis,  but  first  gives 
rise  to  parts  of  the  nervous  system,  oi^ans  of  special  sense,  and  other 
parts. 

After  the  formation  of  these  parts  the  remnant  of  the  epiblast 
gives  rise  to  the  epidermis,  and  often  unites  more  or  less  intimately 
with  a  subjacent  layer  of  mesoblast,  known  as  the  dermis,  to  form  with 
it  the  skin. 

Various  differentiations  may  arise  in  the  epidermis  forming  pro- 
tective or  skeletal  structures,  terminal  sense  organs,  or  glands.  The 
structure  of  the  epidermis  itself  varies  greatly,  and  for  Vertebrates  its 
general  modifications  have  been  already  sufficiently  dealt  with  in 
chapter  sii.  Of  its  special  differentiations  those  of  a  protective  or 
skeletal  nature  and  those  of  a  glandular  nature  may  be  considered 
in  thb  place. 

Protective  epidermal  ulructnres.  These  structures  constitute  a 
general  cuticle  or  an  exoskeleton  of  scales,  liairs,  feathers,  nails, 
hoofs,  &c.  They  may  be  entirely  formed  from  the  epidermis  either 
as  (I)  a  cuticular  deposit,  or  as  (2)  a,  chitiuization,  a  comification, 
or  calcification  of  its  constituent  cells.  These  two  processes  run 
into  each  other,  and  are  in  many  cases  not  easily  distinguished.  The 
protective  structures  of  the  epidermis  maybe  divided  into  two  groups 
according  as  they  are  formed  on  the  outer  or  the  inner  side  of  the 
epidermis.  Dermal  skeletal  structures  are  in  many  cases  added  to 
them.     Amongst  the  Invertebrata  the  most  widely  distributed  type 
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of  esoBkeletoD  is  a  cuticle  formed  on  the  outer  surface  of  tho 
epidermis,  which  reaches  its  highest  developroeDt  in  the  Arthro- 
poda.  In  the  sanie  class  with  this  cuticle  must  be  placed  the  mollus- 
can  and  hrachiopod  shells,  which  are  developed  as  cuticular  plates 
on  special  regions  of  the  epidermis.  They  differ,  however,  from  the 
more  usual  form  of  cuticle  in  their  slighter  adhesion  to  the  subjacent 
epidermis,  and  in  their  more  complicated  structure.  The  test  of 
Ascidiana  is  an  abnormal  form  of  esoskeleton  belonging  to  this  type. 
It  is  originally  formed  (Hertwig  and  Semper)  as  a  cuticle  on  the  sur- 
face of  the  epidermis ;  but  subsequently  epidermic  cells  migrate  into 
it,  and  it  then  constitutes  a  tissue  similar  to  connective  tissue,  but  dif- 
fering from  ordinary  epidermic  cuticles  in  that  the  cells  which  deposit 
it  do  so  over  their  whole  surface,  instead  of  one  surface,  as  is  usually 
the  case  with  epithelial  cells. 

In  the  Vertebrata  the  two  types  of  exoskeleton  mentioned  above 
are  both  found,  but  that  developed  on  the  inner  surface  of  the  epi- 
dermis is  always  associated  with  a  dermal  skeleton,  and  that  on  the 
outer  side  freauently  so.  The  type  of  exoskeleton  developed  on  the 
inner  side  of  tne  general  epidermis  is  cooBned  to  the  Pisces,  where  it 
appears  as  the  scales ;  but  a  primitive  form  of  these  structures  persists 
as  the  teeth  in  the  Amphibia  and  Amniota.  The  type  developed  on 
the  outer  side  of  the  epidermis  is  almost  entirely'  confined  to  the 
Amphibia  and  Amniota,  where  it  appears  as  scales,  feathers,  hajrs, 
claws,  nails,  &c.  For  the  histological  details  as  to  the  formation  of 
these  various  organs  I  must  refer  the  reader  to  treatises  on  histology, 
confining  my  attention  here  to  the  general  embryoli^cal  processes 
which  take  place  in  their  development. 

The  most  primitive  form  of  the  first  type  of  dermal  structures  is 
that  of  the  placoid  scales  of  Elasmobronchii*.  These  consist,  when 
fully  formed,  of  a  plate  bearing  a  spinous  projection.  They  are  consti- 
tuted of  an  outer  enamel  layer  on  the  projecting  part,  developed  as  a 
cuticular  deposit  of  the  epidermis  (epitlast),  and  an  underlying  basis 
of  dentine  (the  lower  part  of  which  may  be  osseous)  with  a  vascular 
pulp  in  its  axis.  The  development  (fig.  235)  is  as  follows  (Hertwig, 
No.  306).  A  papilla  of  the  dermis  makes  its  appearance,  the  outer 
layer  of  which  gradually  calcifies  to  form  the  dentine  and  osseous 
tissue.  This  papilla  is  covered  by  the  columnar  mucous  layer  of  the 
epidermis  (e),  from  which  it  is  separated  by  a  basement  membrane, 
itself  a  product  of  the  epidermis.  This  membrane  gradually  thickens 
and  calcifies,  and  so  gives  rise  to  the  enamel  cap  (0).  The  spinous 
point  gradually  forces  its  way  through  the  epidermis,  so  as  to  project 
freely  at  the  surface. 

The  scales  of  other  forms  of  fishes  are  to  be  derived  from  those 
of  Elasmobranchii.     The  great  dermal  plates  of  many  fishes  have  been 

>  The  borny  teeth  of  the  Cyclostoinata  ue  BtraotDres  belonging  to  this  group. 
*  For  the  most  important  oontribntiona  on  this  subjeot  from  vfaieh  the  tkota  and 
views  here  expresaed  are  largely  deriTed,  viiU  O.  Hectwig,  Noa,  306 — 308. 
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formed  by  the  ooncreBceuce  of  groups  of  such  acalea.  The  deatine  iit 
many  cases  partially  or  completely  atrophies,  leaviag  the  major  part  of  thx 
ncale  formed  of  osseous  titiaut: ;  such  plates  often  become  pnrtK  of  tlie 
iiitertiitl  skeleton. 


Fro.  23S.  Tertical  hectio:!  tbrouoh  the  skin  or  hk  EHitkYoN:c  fJHAni,  to  bbkw 
A  DBVELOFiHo  FI.ACOID  SCALE.     (From  GcgenbaDr;  aft«r  O.  Hertwifl.) 

E.  epidermia;  C.  layEra  of  denniii  d.  appennost  layer  of  dermis;  p.  papilla  of 
dennis;  t.  muoons  layer  of  epidprmie;  o.  eaamel  layer. 

The  teeth,  as  will  be  inoi-e  pai-tienlarly  duHcribeU  in  the  i-e'tion  on  the 
alimentary  tract,  are  formed  by  a  mollification  of  the  same  process  us  the 
placoid  Hoales,  in  which  a  ridge  of  the  epitheliuni  grows  inwards  to  meet 
a  connective  tisHue  papilla,  ho  that  the  development  of  the  teeth  takes 
place  entirely  btlow  the  superficial  hiyer  of  e|iiderniia. 

In  moat  Teleostei  the  enamel  and  dentine  layers  have  disapjwared,  and 
the  Bcalos  are  entirely  formed  of  a  i>eculiar  calcified  tissue  ilevelo|>ed  in 
the  dermis. 

The  cuticle  covering  the  scales  of  Reptiles  is  the  sirapleat  type  of 
protective  structure  formed  od  the  outer  surface  of  the  epidermis. 
The  scales  consist  of  papillit!  of  the  dermis  and  epidermis ;  and  are 
covered  by  a  thickened  portion  of  a  two-layered  cuticle,  formed  over 
the  whole  surface  of  the  body  from  a  cornificatiou  of  the  superficial 
partof  the  epidermis.  Dermal  osjieous  plates  may  be  formed  in  con- 
nection with  tbese  scales,  but  are  never  of  course  united  with  tlie 
superficial  cuticle. 

Feathers  are  prob«blj  special  moditioationH  of  such  sculea.  They  axiae 
from  an  induration  of  the  epidermis  of  papillffi  containing  a  vascular  core. 
The  proviBional  down,  usually  present  at  the  time  of  liatchiiig,  is  funned  by 
the  comilication  of  longitudinal  ridges  of  the  mucous  layer  of  the  epidermis 
of  the  [lapillw  ;  each  comitied  ridge  giving  rise  to  a  barb  of  the  feather. 
Tlie  horny  layer  of  the  epidermis  forms  a  ptuvisiunal  sheath  for  the  de- 
veloping feather  below.  Wh^n  the  barbs  are  fully  formed  this  uheath  ia 
thrown  off,  the  vaacular  core  dries  up,  and  the  barba  become  free  except  at 
their  base. 

Without  entering  into  the  Romewhat  complicated  details  of  the  forma- 
tion of  the  permanent  featheiB,  it  may  be  mentioned  that  the  calamus  or 
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quill  is  formed  by  a  cornification  in  the  form  of  a  tube  of  bnth  layer*  of 
the  epidermis  at  the  base  of  the  papilla.  The  qiiill  is  open  at  both  ends, 
and  to  it  is  attached  the  vexillum  or  plume  of  the  feather.  In  a  typical 
feather  this  "is  formed  at  the  apex  of  the  pa|>illa  from  tidge-like  tbickea- 
inga  of  the  mucous  layer  of  the  epidermis,  ananged  in  thp  form  of  a 
longitudinal  asis,  continuous  with  the  cornified  raucous  layer  of  the  quill, 
and  from  lateral  ridgex.  These  subsequently  berome  converted  into  the  axis 
and  barbs  of  the  plume.  The  external  ejiidermic  layer  becomes  converted 
into  a  provisional  horny  shfath  for  the  true  feather  beneath. 

On  the  completion  of  the  plume  of  the  feather  the  external  sheath  is 
thrown  off,  leaving  it  quite  free,  and  the  vascular  core  belonging  to  it 
shriveb  up.  The  papilla  in  which  the  feather  is  formed  becomes  at  a 
very  early  period  secondarily  enveloped  in  a  pit  or  follicle  which  gradually 
deepens  as  the  development  of  the  feather  is  continued^ 

Hairs  (Kolliker,  No.  298)  are  formed  in  solid  processes  of  the 
mucous  layer  of  the  epidermis,  which  project  into  the  subjaceot  dermis. 
The  hair  itself  arises  from  a  cornification  of  the  cells  of  the  axis  of 
one  of  the  above  processes;  and  is  invested  by  a  slieath  similarly 
formed  from  the  more  superficial  epidermic  ceils.  A  small  papilla  of 
the  dermis  grows  into  the  inner  end  of  the  epidermic  process  when 
the  hair  is  first  formed.'  '1  he  first  trace  of  the  hair  appears  close  to 
this  papilla,  but  soon  increases  in  length,  and  when  the  end  of  the 
hair  projects  from  the  surface,  the  original  solid  process  of  the  epi- 
dermis becomes  converted  into  an  open  pit,  the  lumen  of  which  is 
filled  by  the  root  of  the  hair.  Hairs  differ  in  their  mode  of  formation 
from'scales  in  a  manner  analogous  to  that  in  which  the  teeth  differ 
from  ordinary  plaqoid  scales ;  i.  e.  they  are  formed  in  inwardly  di- 
rected projections  of  the  epidermis  instead  of  upon  free  papillse  at 
the  surface. 

Nails  (Kolliker,  No.  298)  are  developed  on  special  regions  of  the 
epidermis,  known  as  the  piiuiitive  nuil  beds.  They  are  formed  by  the 
cornification  of  a  layer  of  cells  which  makes  its  appearance  between  the 
homy  and  mucous  layers  of  the  epidermis.  The  distal  border  of  the  nail 
soon  becomes  free,  and  the  further  growth  is  effected  by  additions  to  the 
under  side  and  attached  extremity  of  the  nail. 

Although  the  nail  at  tii-st  arises  in  the  interior  of  the  epidermis,  yet 
its  position  011  the  outer  side  of  the  mucous  layer  clearly  indicates  with 
which  group  of  epidermic  structures  it  should  be  classitied. 

Dermal  skeletal  Ertmctnres,  We  have  seen  that  in  the  Chordata 
skeletal  structures,  which  were  primitively  fonued  of  both  an  epi- 
dermic and  dermic  element,  may  lose  the  former  element  and  be 
entirely  developed  in  the  derniie.  Amongst  the  luvertebrata  there 
are  certain  dermal  skeletal  structures  which  are  evolved  wholly 
independently  of  the  epidermis.  The  most  important  of  these 
structures  are  the  skeletal  plates  of  the  Echinodermata. 

Glands.  The  secretory  part  of  the  various  glandular  structures 
belonging  to  the  skin  is  invariably  formed  from  the  epidermis.  In 
Mammalia  it  appears  that  these  glaiids  are  always  formed  as  solid  in- 
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growths  of  the  mucous  layer  (KoUiker,  No,  298).  The  eniis  of  these 
iDgTOWths  dilate  to  form  the  true  glandular  part  of  the  orgaDS,  while 
the  stalktt  connecting  the  glandular  portions  with  the  surface  form 
the  ducts.  In  the  case  of  the  sweat-glands  the  lumen  of  the  duct 
becomes  first  established.  Its  funnatioQ  is  inaugurated  by  the  ap- 
pearance of  the  cuticle,  and  appears  first  at  the  inner  end  of  the 
duct  and  thence  extends  outwards  (Ranvier,  No.  3I1).  In  the 
sebaceous  glands  the  fiiBt  secretion  is  formed  by  a  fatty  modification 
of  the  whole  of  the  central  cells  of  the  gland. 

The  muscular  layer  of  the  secreting  part  of  the  sweat-glands  is 
formed,  according  to  Ranvier  (No.  311),  from  a  modification  of  the 
deeper  layer  of  the  epidermic  cells. 

The  Mammary  Glands  arise  in  essentially  the  same  manner  as 
the  other  glands  of  the  skin'.  The  glands  of  each  side  are  formed  as 
a  solid  bud  of  the  mucous  layer  of  the  epidermis.  From  this  bud 
processes  sprout  out,  each  of  which  gives  rise  to  one  of  the  numerous 
glands  of  which  the  whole  organ  is  formed.  Two  very  distinct  types 
in  the  relation  of  the  ducts  of  the  glands  to  the  nipple  are  found 
(Gegenbaiir,  No.  313}. 
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CHAPTER   XV. 
NERVOUS  SYSTEM. 

Origin  of  the  Nervous  System. 

One  of  the  moat  important  recent  embiyological  discoveries  is 
the  fact  that  the  central  nervous  system,  in  all  the  Metazoa  io  which 
it  ia  fully  established,  is  (with  a  few  doubtful  exceptions)  derived 
from  the  primitive  epiblast'.  As  we  have  already  seen  that  the  epi- 
blast  represents  to  a  large  extent  the  primitive  epidermis,  the  fact  of 
the  nervous  system  being  derived  from  the  epiblast  implies  that  the 
V  functions  of  the  central  nervous  system,  which  were  originally  taken 
by  tbe  whole  skin,  became  gradually  concentrated  in  a  special  part 
of  the  skin  which  was  step  by  step  removed  from  the  surface,  and 
has  finally  become  in  the  higher  types  a  well-defined  organ  imbedded 
in  the  subdermal  tissues. 

Before  considering  in  detail  the  comparative  development  of  the 
nervous  system,  it  will  be  convenient  soortly  to  review  the  present 
state  of  our  knowledge  on  the  general  process  of  its  evolution. 

This  process  may  be  studied  either  embryologically,  or  by  a 
comparison  of  the  various  stages  in  ibt  evolution  preserved  in  living 
forms.     Both  the  methods  have  led  to  important  results. 

The  emhryological  evidence  shews  that  the  ganglion-cells  of  the 
central  part  of  the  nervous  system  are  originally  derived  from  the 
simple  \m differentiated  epithelial  cells  of  the  surface  of  the  body, 
while  the  central  nervous  system  itself  has  arisen  from  the  concen- 
tration of  such  cells  in  special  tracts.  In  the  Chordata  at  any  rate 
the  nerves  arise  as  outgrowths  of  the  central  oi^an. 

Another  important  fact  shewn  by  embryology  is  that  the  central 
nervous  system,  and  percipient  portions  of  the  organs  of  special  sense, 

'  Whether  there  is  bdj  part  of  it  in  many  tjpea  Dot  ao  derived  requiiea  {artber 
inTestigation,  now  that  it  has  been  shewn  by  the  Hertwigx  that  part  ot  tbe  sj'steni 
develops  from  the  endodenn  in  some  Coelenterata.  O.  Heitwig  holi^  that  put  of  it  has 
a  mesoblastic  origin  iu  Sagtita,  but  hia  obaervationa  on  this  poiat  appear  lo  me  very 
incoDclusive,  It  would  l>e  very  aitvantaReouH  to  invertLgate  the  origin  of  Auerbach's 
plexus  in  Mammalia. 
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especially  of  optic  organs,  are  often  formed  from  the  same  part  of  the 
primitive  epidermis.  Thus  the  retina  of  the  Vertebrate  eye  is  formed 
from  the  two  lateral  lobes  of  the  primitive  fore-brain. 

The  same  is  true  for  the  compound  eyes  of  some  Crustacea.  The 
supracesoph^eal  ganglia  uf  these  animals  are  formed  in  the  embryo 
from  two  thickened  patches  of  the  epiblast  of  the  procephalic  lobes. 
These  thickened  patches  become  gradually  detached  from  the  surface, 
remaining  covered  by  a  layer  of  epidermip.  They  then  constitute  the 
supracesophageal  ganglia;  but  they  form  not  only  the  ganglia,  but 
also  the  retinulie  of  the  eye — the  parts  in  fact  which  correspond  to 
the  rods  and  Cones  in  our  own  retina.  The  accessary  parts  of  these 
organs  of  special  sense,  viz.  the  crystalline  lens  of  the  Vertebrate  eye, 
and  the  corneal  lenses  and  crystalline  cones  of  the  Crustacean  eye, 
are  independently  formed  from  the  epiblast  after  the  separation  of 
the  part  which  becomes  the  central  nervous  system. 

In  the  Acraspedote  Medusae  the  rudimentary  central  nervous 
system  has  the  form  of  isolated  rings,  composed  of  sense-cells  pro- 
longed into  nervous  fibres,  surrounding  the  stalks  of  tentacle-like 
organs,  at  the  ends  of  which  are  placed  the  sense-organs. 

This  close  connection  between  certain  oi^ns  of  special  sense  -and 
gai^lia  is  probably  to  be  explained  by  supposing  that  the  two  sets 
of  structures  actually  originated  pan  passu. 

We  may  picture  the  process  as  being  somewhat  as  fotlowa  : — 
It  is  probable  tliat  in  simple  anceittral  organisms  the  whole  body  was 
A  sensitive  lo  light,  but  that  with  the  appeitrance  of  pignient-cells  in  certain 
parts  of  the  body,  the  aensitiveneas  to  light  became  localised  to  the  areas 
where  the  pigment-cells  were  present,  Sioce,  however,  it  was  necessary 
that  stimuli  received  by  such  organs  should  be  commun tented  to  other 
parts  of  the  body,  some  of  the  epidermic  cells  in  the  neighbourhood  of  the 
pigment- spots,  which  were  at  first  only  sensitive  in  the  same  maoner  as 
other  cells  of  the  epiiiermis,  became  gradually  difTerentiated  uito  special 
nerve-cells.  As  to  the  detitils  of  this  differeiitiation  embryology  does  not 
as  yet  throw  any  great  light;  but  from  the  study  of  oomparative  anatomy 
there  are  grounds  for  thinking  that  it  was  somewhat  as  follows : — Cells 
placed  on  the  surface  sent  protoplasmic  processes  of  a  nervous  nature 
inwards,  which  came  into  connection  with  nervous  processes  from  similar 
cells  placed  in  other  parts  of  the  body.  The  cells  with  such  prooenseB  then 
became  removed  from  the  surface,  forming  a  deeper  layer  of  the  epidermis 
lielow  the  sensitive  cells  of  the  organ  of  vision.  With  the  Utter  cells  they 
remained  connected  by  prot'iplasmic  filaments,  and  thus  they  oume  to 
form  a  thickening  of  the  epidermis  underneath  the  ot^^  of  vision,  the 
cells  of  which  received  their  stimuli  from  those  of  the  orgiui  of  vision,  and 
transmitted  the  stimuli  so  received  to  other  parts  of  the  body,  ^uch  a  - 
thickening  would  obviously  be  the  rudiment  of  a  central  nervous  system,  and 
is  in  fact  very  similar  to  the  rudimentary  gaugtia  of  the  Acraspeda  mentioned 
abova  It  ia  easy  to  see  by  what  stepi  it  might  become  larger  and  more 
important,  and  m%ht  gradually  travel  inwards,  remaining  connected  witli 
the  Bense^>rgan  at  the  sur&oe  by  protoplasmic  filaments,  which  would  then 
constitute  nerves.     The  rudimentary  eye  would  at  first  merely  oousist  of 
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cells  aeneitive  to  light,  and  of  ganglion-cell b  connected  with  them  ;  while  at 
a  later  period  optical  atructnrea,  constituting  a  lens  capable  of  throwing 
au  image  of  exteinal  objects  upon  it,  would  be  developed,  and  bo  convert 
the  whole  structure  into  a  true  organ  of  vision.  It  has  thus  come  about 
that,  in  the  development  of  the  individual,  the  retina  is  often  first  formed  in 
ooniiection  with  the  CGntml  nervouB  syittem,  while  the  lenses  of  the  eye  ara 
independently  evolved  from  the  epidrainis  at  a  later  period. 

A  series  of  forms  of  the  Coelenterata  and  Platyelminthes  affords  us 
examples  of  various  stages  in  the  differentiation  of  a  central  nervous 
system'. 

In  sea-anemones  (Hertwigs,  Ko.  321)  there  are,  for  iusbince,  no  organs 
of  special  sense,  and  no  definite  central  nervous  system.  There  are,  how- 
ever, scattered  throughout  the  skin,  and  also  throughout  the  lining  of  the 
digeetive  tract,  a  number  of  specially  modified  epithelial  cells,  which  are 
no  doubt  delicate  organs  of  sense.  They  are  provided  at  their  free 
extremity  with  a  long  hair,  and  are  pixtlonged  ou  their  inner  side  into 
fine  processes  which  penetrate  into  the  dee|)er  part  of  the  epithelial  layer 
of  the  skin  or  digestive  wall.  They  eveutnally  join  a  fine  network  of 
protoplasmic  fibres  which  forms  a  special  layer  im- 
mediately within  the  epithelium.  The  fibres  of  this 
network  are  no  doubt  essentially  iietvous.  In  addition 
to  fibres  there  are,  moreover,  present  in  the  network 
cells  of  the  same  character  as  the  multipolar  ganglion- 
cells  in  the  nervous  system  of  Vertebrates,  and  some 
of  these  cells  are  chaTscterised  by  sending  a  process 
into  the  supeijacent  epithelium.  Such  cells  are  ol>- 
idously  intermediate  between  neuro-epithelial  ceils  and 
ganglion -eel  Is ;  and  it  is  probable  that  the  nerve-cells 
are,  in  fact,  sense-eel  la  which  have  travelled  iuwai'ds 
and  lost  their  epithelial  chaiucter. 

In  the  Craspedote  Meduste  (Hertwigs,  Ko.  320)  the 
differentiation  of  the  nervous  system  is  carried  some- 
what further.     There  is  here  a  definite  double  ring, 
placed  at  the  insertion  of  the  velum,  and  usually  con- 
Fio.SSe.  Nbdbo-      nected  wilh  sense-organs.      The  two  part-i  of  the  ring 
EPITHELIAL     sENss-     bsloug  respectively  to  the  epithelial  layers  on  the  upi>er 

!?^™.  "/V  ^^^  and  lower  surfaces  of  the  velum,  and  ai*  not  separated 
AUBtTi.   {From  I«n-      ,  .,  ,  ,,  i  3      1   ji      '^ 

keater-  after  SchK-  from  these  layers;  they  are  farmed  of  fine  nerve- 
fer.)  fibres  and  ganglion  cells.     The  epithelium  above  the 

netre  rings  contains  sense-cells  (fig.  237)  with  a  stiff 
hair  at  their  free  extremity,  and  a  nervous  prolongation  at  the  opposite  end, 
which  joins  the  nerve-fibres  of  the  ring.  Between  such  cells  and  true 
ganglion-cells  an  intermediata  type  of  cell  has  been  found  (fig.  237  B) 
wliich  sends  a  process  upwards  amqngat  the  epithelial  cella,  but  does  not 
reach  the  surface.  Such  cells,  as  the  Hertwigs  have  pointed  out,  are  clearly 
sense-cells  partially  transformed  into  gangliou-cells. 

A  still  higher  tyj>e  of  nervous  svstem  has  been  met  with  amongst  some 
primitive  Nemertines  (Hubrecht,  No.  323),  consisting  of  a  pair  of  large 
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cephalic  gatiglm,  and  two  well -developed  lateral  ganglionic  cords  placed 
close  beaeath  the  epidermis.  These  cords,  instead  of  giving  off  deSnite 
nerves,  ae  Ja  animak -with  a  fully  differentiated  nervous  system,  are  con- 
nected with  a  contintioua  subdermal  nervous  plexus. 

The  features  of  the  embryology  and  the  anatomy  of  the  nervous 
system,  to  which  atteation  has  just  been  called,  point  to  the  following 
general  conclusions  aa  to  the  evolution  of  the  nervous  system, 

(1)  The  nervous  system  of  the  higher  Metazoa  appears  to  have 
been  evolved  in  the  course  of  a  long  series  of  generations  from  a 


Fid.    237.      iBOUTED     CKLLB     BKI/INUINO     TO     THE     UPPBB     NBaVB-BINO    OF    CaBHAHINA 

RASIATA.     (After  O.  and  B.  Eertvie.) 

A.  Nenro^pitbelial  Bense-cell.    e.  Bense-bftir. 

B.  Tntusitioiial  cell  between  a  nearo-epitheliol  cell  and  a  gangliDn-oell. 

differentiation  of  some  of  the  superficial  epithelial  cells  of  the  body, 
though  it  is  possible  that  some  parts  of  the  system  may  have  been 
formed  by  a  differentiation  of  the  alimentary  epithelium. 

(2)  An  early  feature  in  the  differentiation  consisted  in  the  growth 
of  a  series  of  delicate  processes  of  the  inner  ends  of  certain  epithelial 
cells,  which  became  at  the  same  time  specially  differentiated  as  seose- 
celb  (figs.  236  and  237). 

(3)  These  procefses  gave  rise  to  a  subepithelial  nervous  plexu!<, 
in  which  ganglion-cells,  formed  from  sense-cells  which  travelled  in- 
wards and  lost  their  epithelial  character  (fig.  237  B),  noon  formed  an 
important  part. 

{4i)  Local  differentiations  of  the  nervous  network,  which  was  no 
doubt  distributed  over  the  whole  body,  took  place  partly  in  the 
formation  of  organs  of  special  sense,  and  partly  in  other  ways,  and 
such  differentiations  gave  rbe  to  a  central  nervous  system.  The, 
central  nervous  system  was  at  first  ciintinuous  with  the  epidermis, 
but  became  separated  from  it  and  travelled  inwards. 

(5)  Nerves,  such  as  we  find  them  in  the  higher  types,  originated 
from  special  differentiations  of  the  nervous  network,  radiating  fi-om 
the  parts  of  the  central  nervous  system. 

The  following  points  amongst  others  are  still  very  obscure  : — 

(!)    The  steps  by  which  the  protoplasmic  processes  from  the  primitive 
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epidermic  cells  became  united  together  so  cts  to  form  a  network  of  nerve- 
fibres,  placing  the  various  parts  of  the  body  in  nervous  communication. 

(2)  The  process  by  which  nerves  became  connected  with  njuaclcs,  tto 
that  a  stimulus  received  by  a  nerve-cell  could  be  communicated  to  and 
cause  a  contraction  in  a  muscle. 

It  is  probable,  aa  stated  in  the  above  summary,  that  the  nervous  net- 
work t«ok  its  origin  from  proceBBea  of  the  sense-cells.  The  processes  of 
the  different  cells  probably  first  met  mxA  then  fused  together,  and, 
becoming  more  arborescent,  finally  gave  rise  to  a  complicated  network. 

The  primitive  relations  between  the  nervous  network  and  the  muscular 
system  are  mattera  of  pure  speculation.  The  primitive  muscular  celld 
consist  of  epithelial  cells  with  muscuior  processes  {fig.  238),  but  the 
_  bi-anches  of  the  nervous  network  have  not 

been  traced  into  connection  with  the  mus- 
cles in  any  Ctelenterata  except  the  Ct^no- 
phiim.  In  the  higher  types  a  continuity 
between  nerves  and  muscles  in  the  form  of 
motorial   end  plates  has  been  widely  ob- 

Fio.  238.  Mio-EPiTBEi.jiL  served.  Even  in  the  case  of  the  Coelen- 
cEij,B  OF  HnmA.  (From  Gagen-  terata  it  is  quite  clear  from  Bomanee' 
banr;  after  Klelnanbarg.)  experiments  that   stimuli  received  by  the 

m.  contractile  fibreBj  processes  nerves  are  capable  of  being  transmitted  to 
°f  **"*■  the  muscles,  and  that  there  mast  therefore 

be  some  connection  between  nerves  and  muscles.  How  did  this  connection 
originated 

Epithelial  cells  with  muscular  processes  (fig.  238)  were  discovered  by 
Kleinenberg  (No.  334)  in  Hydra  before  epithelial  cells  with  nervous  pro- 
cesses were  known,  and  Kleinenberg  {>oint«d  out  tliat  Hydra  shewed  the 
possibility  of  nervous  and  muscular  tissues  existing  without  a  central 
ner\'oiis  system,  and  suggested  that  the  epithelial  part  of  the  myo-epithelial 
cells  was  a  sense-organ,  and  that  the  connecting  part  between  this  and  the 
contractile  processes  was  a  rudimentary  nerve.  He  further  supposed  that 
in  the  subsequent  evolution  of  these  elements  the  epithelial  part  of  the  cell 
became  a  ganglion-cell,  while  the  part  connecting  this  with  the  muscular 
(ail  became  prolonged  so  as  to  form  a  tnie  nerve.  The  discovery  of  neuro- 
epithelial cells  existing  side  by  side  with  myo-epithelial  cells  demonstrates 
that  this  theory  must  in  part  be  abandoned,  and  that  some  other  explana- 
tion must  be  given  of  the  continuity  between  nerves  and  muscles.  The  hypo- 
thetical explanation  which  most  obviously  suggests  itself  is  that  of  fusion. 

It  seems  quite  posHible  that  many  of  the  epithelial  cells  of  the  epi- 
dermis and  walls  of  the  alimentary  ti'act  were  originally  provided  with 
processes,  the  protoplasm  of  which,  like  that  of  the  Protozoa,  carried  on 
the  functions  of  nei-vea  and  muscles  at  the  same  time,  and  that  these  pro- 
cesses united  amongst  themselves  into  a  network.  Such  cells  would  be 
very  cimilar  to  Kleinenberg's  neuro-muscular  cells.  By  a  subsequent  dif- 
fei'entietion  some  of  the  cells  forming  this  network  may  have  become 
specially  conti'actile,  the  epithelial  jiarts  of  the  cells  ceasing  to  have  a 
nervous  function,  and  other  cells  may  have  lost  their  contractility  and 
become  solely  nervous.  In  this  way  we  should  get  nenro- epithelial  cells 
and  myo-epitheliul  cells  Iwth  differentiated  from  the  primitive  network, 
and  the  connection  between  the  two  would  also  be  explained.     This  hypo- 
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thesis  fits  in  moreover  very  well  with  the  couditiou  of  ttie  ueuro-muBcnlar 
tjjstem  as  we  find  it  in  the  Ckelenterata. 
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Kervoos  system  of  the  Invertebrata.  Our  knowledge  of  the 
developmcDt  of  the  central  nervous  system  is  still  very  imperfect  in 
the  case  of  many  Invertebrate  groups.  In  the  Echinoderoiata  aud 
some  of  the  Chtetopoda  it  is  never  detached  from  the  epidermis,  and 
in  SHcb  cases  it^  origin  is  clear  without  embryolo^cal  evidence. 

In  the  majority  of  groups  the  central  nervous  system  may  be 
reduced  to  the  type  of  a  pair  of  cephalic  ganglia,  continued  pos- 
teriorly into  two  cords  provided  with  nerve-cells,  which  may  coalesce 
ventrally  or  be  more  or  less  widely  separated,  and  be  unaegmented 
or  segmented.  Various  additional  visceral  ganglia  may  be  added, 
and  in  different  instances  parts  of  the  system  may  be  much  reduced, 
or  peculiarly  modified.  The  nervous  sy.^tem  of  the  Platyelminthes 
(vphen  present),  of  the  Rotifera,  Brachiopoda,  Polyzoa  (?),  tbe  Mol- 
lusca,  the  Chietopoda,  the  Discophora,  the  Gephyrea,  the  Tracheata, 
and  the  Crustacea,  the  various  small  Arthropodan  phyla  (Pcecilopoda, 
Pycnognida,  Tardigrada,  &c.),  the  Chsetognatba  {?),  and  the  Myzo- 
atomea,  probably  belongs  to  this  type. 

The  nervous  system  of  the  Echinodermata  cannot  be  reduced  to 
this  form ;  nor  in  the  present  state  of  our  knowledge  can  that  of  tbe 
Nematelminthea  or  Enteropneusta. 

It  is  only  in  the  case  of  members  of  the  former  set  of  groups  that 
any  adequate  observations  have  yet  been  made  on  the  development 
of  the  nervous  system,  and  even  in  the  case  of  these  groups  observa- 
tions which  have  any  claim  to  completeness  are  confined  to  certain 
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members  of  the  Chsetopoda,  the  Arthropoda  and  the  Mollusca.  Au 
account  of  imperfect  observations  on  other  forms,  where  auch  have 
been  made,  will  be  found  in  the  systematic  part  of  this  work. 

Chntopoda.  We  are  indebted  tis  Kleinenberg  (No.  329)  for  the 
most  detailed  account  which  we  have  of  the  development  of  the 
central  nervous  system  in  the  Chaetopoda. 

The  eupracesopbageal  ganglion  with  the  oesophi^eal  commissure 
developes  independently  of  the  ventral  cord.  It  arises  as  an  unpaired 
thickening  of  the  epiblast,  close  to  the  dorsal  side  of  the  cesopbagus  at 
the  front  end  of  the  head  (fig.  239),  which  becomes  separated  from 
the  epiblast,  and  extends  obliquely  back- 
wards and  downwards  in  a  somewhat 
arched  form;  its  lower  extremities  being 
somewhat  swollen.  The  inner  portion 
of  this  curved  rudiment  becomes  con- 
verted into  commissural  nerve-fibres, 
while  the  cells  of  the  outer  and  upper 
portion  assume  the  characters  of  gan- 
glion-cells. The  commissural  fibres  are 
continued  downwards  to  meet  the  ven- 
tral cord,  but  their  junction  with  the 
latter  structure  is  not  effected  till  late 
in  embryonic  life. 

The  ventral  cord  is  formed  by  the 
coalescence  of  a  pair  of  linear  cords, 
the  development  of  which  takes  place  from  before  backwards,  so  that 
when  their  anterior  part  is  well  developed  their  posterior  part  is 
hardly  differentiated.  These  cords  arise,  one  on  each  side  of  a 
ventral  ciliated  furrow,  first  as  a  single  row  of  epiblast  cells,  and 
subsequently  as  several  rows  (fig.  240,  Vg),  While  still  united  to  the 
external  epiblast,  they  extend  them- 
vy  selves  below  the  cells  lining  the  ventral 

"■  furrow,  and  unite  into  a  single  nerve 

band,  which  however  exhibits 
double  origin  by  its  bilobed  f 
Before  the  two  cords  unite,  the  groove 
between  them  becomes  somewhat  deep, 
but  subsequently  shallows  out  and 
disappears.  The  nervous  band,  before 
separating  from  the  epiblast,  exhibits, 
in  correspondence  with  the  mesoblastic 
segments,  alternate  swellings  and  con- 
strictions. The  former  become  the 
ganglia,  and  the  latter  the  connecting 
ti'unks. 

As  soon  as  the  cord  becomes  free  from  the  epiblast,  it  becomes 
surrounded  by  a  sheath,  formed  of  somatic  mesoblast.  In  each  of  the 
ganglionic  enlargements  there  next  appears  on  the  dorsal  surface  a 


Ay 
Fia.240.    BscTioN 


OF    AH    EUBBTO   OF    LuHBHtCOa   TSAFK- 

zoiDEB.    {After  Kleiuenberg.) 

ID.  longitudinal  niuBcles;  to.  bo- 
matic  meBOblost;  tp.  Bploncbnic  me- 
HUblast;  hy.  hn>o)>l^Bt ;  Vg.  ventral 
narYe-cord;  m.  Tentnil  vesHpL 
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pair  of  areas  of  punctiform  material,  the  substance  of  which  aoon 
diff«reiitiates  itself  into  nerve-fihres.  These  areas,  by  unitiog  from 
aiile  to  side,  give  rise  to  the  transverse  commissures,  and  also  by  a 
linear  coaleapeoce  to  the  longitudinal  commissures  of  the  cord.  The 
cellular  parts  of  the  band  surrounding  them  become  converted  into  a 
ganglionic  covering  of  the  cord. 

In  each  ganglion  the  cells  of  this  ganglionic  investment  penetrate 
as  a  median  septum  into  the  cord.  A  fissure  is  next  formed,  dividing 
this  septum  into  two ;  it  is  subsequently  continued  for  the  whole  lenstE 
of  the  cord.  ^ 

Arthropoda.     In  the  Tracheata  and  the  Crustacea  the  develop- 
ment of  the   ventral  cord  is  in  the  main  similar  to   that  in  the 
Chsetopods,  while  that  of  the  supracesophageal  ganglia  is  as  a  rule 
somewhat    more   complicated. 
No  such  clear  evidence  of  an 
independent    development    of 
these  two  parts,  as  in  the  case 
of  the  Chsetopods,  has  as  yet 
heen  produced. 

The  most  primitive  type  of  ^'^ 

nervous  system  amongst  the 
Tracheata  is  that  of  Peripatus, 
where  it  consists  of  large  supra- 
oesophageal  ganglia,  continuous 
with  a  pair  of  widely  separated 
but  large  ventral  cords  united 
posteriorly    above    the    anua         „ 

Inese  cords  nave  an  mvest-  op  ah  ehubtii  nv  Pmilttt.  ti...  „,.,kL 
ment  of  ganglion-ceUs  for  their  tram  which  the  sectioa  is  taken  was  aome- 
whole  length,  and  are  imper-  "^^  joonRer  than  that  of  flg.  243. 
fectly  divided  into  ganglia  cor-  „„^hu,'^^'^i?-'°^'i^"''/u'^  ^'°""'' 
reapondmg  m  number  with  the  Jc.  iBteral  Bection  of  body  cavity;  i-.n.  venttai 
feet.  nerve  ooid;  me,  meBenteron. 

The  ventral  cords  are  formed 
as  two  separate  epihiastic  ridges  (fig.  24],  u.n),  continued  in  front 
into  a  pair  of  thickenings  of  the  procepbalic  lobes,  which  are  at  first 
independent  of  each  other,  and  from  which  a  large  part  of  the  supra- 
cesophageal ganglia  takes  its  origin.  After  the  latter  have  become 
separated  from  the  epjhlast  an  invagination  of  fche  epiblast  covering 
them  grows  into  each  lobe  (fig,  2*2),  and  hecoming  constricted  from 
the  BUperiicial  epiblast,  which  remains  as  the  epidermis,  forms  a  not 
unimportant  part  of  the  permanent  supracesophageal  ganglia. 

in  the  Amchnida  the  mode  of  development  of  the  nervous  system 
is  essentially  the  same,  and  the  reader  will  find  a  detailed  account  of  it 
for  Spiders  in  Vol  i,  pp.  370 — 373.  The  ventral  cords  are  here  formed 
as  independent  and  at  first  widely  separated  strands  (fig.  243,  vn), 
which  for  a  long  time  remain  far  apart ;  they  are  subsequently 
divided  into  ganglia  and  become  united  by  transverse  commissures. 
B.  E.  II.  22 
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The  BUpratEsophageal  ganglia  are  fonned  as  two  independent 
thickenings  of  the  procephalic 
lobes  (fig.  244),  which  event- 
ually separate  from  the  su- 
perficial akin.  There  ia  formed 
however  in  each  of  them  a 
semicircular  groove(fig.  244,^) 
lined  by  the  superficial  epi- 
blast,  which  becomes  detached 
from  the  skin,  and  is  involuted 
to  form  part  of  the  ganglia. 

A  similar  mode  of  forma- 
tion of  both  the  ventral  cords 
and  the  supracesophageal  gan- 
glia obtains  in  Insects  (fig. 
245).  The  ventral  cords  are 
however    much    less    widely 


0  Pebipatcb. 


FiQ.  342.     Heah  or  ix  eubr- 
(From  Moaeley.) 

The  figure  eheiTB  the  jaws  (mi 
cloae    to  them   epiblsHtio   WTOlmionB,   wmeli      „„„„„, „j  ii,   „  ■„  q    •  i  "i 

grow  into  the  Bnpraisgophageal  g»DgliL  The  separated  tlianm  Spiders,  and 
antenns,  cral  cavitj ,  and  oral  papillm  are  also  early  unite  in  the  median  Ime. 
■''«*"■  In  the  supracesophageal  gan- 

glia the  invaginated  epiblast 
has  in  Lepidoptera  (Hatschek)  the  form  of  a  pit  on  the  dorsal  border 
of  the  antenna. 

Hatschek  stat«s  that  there  takes  place  an  invagination  of  a  median 
part  of  the  skin  between  tbe  two  ventral  cords,  for  the  details  of  which  I 
must  refer  the  reader  to  Vol.  i.  p.  340.  He  has  made  more  or  less  similar 
statements  for  the  earthworm,  but  his  observations  in  both  instancee  are 
open  to  serious  doubt 


Fio.  213.   Trimbibrbe  bbc 

Tbe  TButrnl  cords  bare  begun 
limb  a  are  established. 

mt.t.  mesoblHBtic  Bomile : 


HAL  rLATB  OF  AOBUtHA  LlBTBnilHICA. 

thickeDingB  of  the  epiblaBt,  and  the 


be  fonned 

ventral  nerve-cord;    yk.  folk. 


Full  details  as  to  the  development  of  the  nervous  system  in  the 
Crustacea  are  still  wanting ;  a  fairly  complete  account  of  what  is 
known  on  the  subject  is  given  in  Vol.  i.  pp.  433 — 4.  It  appears  that 
the  ventral  curd  may  either  arise  as  an  unpaired  thickenii^  of  the 
epiblast  (Isopoda),  marked  however  by  a  shallow  median  furrow,  or 
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from  two  corda  which  eventually  coalesce '.    It  is  not  certain  how  far  the 
supraoesophageal  ganglia  are  usually  in  the  first  instance  continuous 


Fio.  244.     Bbctioh  tobouoq  tbe  i 

AaBLENl    L 

>t,   BtonudBenm;    gr.    iection  tbrongh  aemi-ciccnlat  groovs  in  prooepbalia  lobe) 
■M-f.  eephftlio  section  of  bod;  c&vity. 

with  the  ventral  cord.  In  Astacus,  the  early  stages  of  which  have 
been  elaborately  investigated  by  Reichenhach  (No.  331),  they  are 
stated  to  be  bo;  the  eupraresopbageal  ganglia  are  moreover  de- 
scribed by  this  author  as  having  a  somewhat  complicated  origin. 
Five  elements  enter  into  their  composition.  There  is  first  formed 
a  pair  of  pits  on  the  procephalic  lobes,  which  become  very  deep 


kg 

Via.  246.    Tiro  nuHBTEsaB  sectionb  tbbouoh  thk  ekbbio  or  Htdbophij.us. 
(After  Kowalev^.) 

A.  Transverae  Bwtion  thronob  an  embryo  in  tbe  region  of  ona  of  the  stigmata. 

B.  Transverse  section  throngh  an  older  embryo. 

rn.  ventral  nerve-cord ;   am.  amnion  and  serpna  membrane;  me.  mesoblaetj   mt.*, 
Bomatio  meeoblast;    ^.  hjpoblart  (?);   ylt.  yolk-ceUs  (trae  hypoblast);   i(.  stigm*  of 
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during  the  NaupliuB  stage,  and  are  continuous  with  a  pair  of  epi- 
bla-stic  ridges  which  pass  round  the  mouth,  and  join  the  ventral 
cords  juat  described.  The  walls  of  the  pits  are  believed  to  form 
a  part  of  the  embryonic  ganglia  which  gives  rise  to  the  retina  as 
well  as  to  the  optic  ganglia.  The  ridges  foi-m  the  remainder  of  the 
ganglia  and  the  cesophf^al  commissures ;  while  the  fifth  element  is 
supplied  by  a  median  invagination  in  front  of  the  mouth,  which 
appears  at  a  much  lat«r  date  than  the  other  parts. 

In  the  Isopoda  supracesophageal  ganglia  are  stated  to  arise 
as  thickeoings  of  the  procephalic  lubes,  which  become  eventually 
detached  from  the  epidermis. 

The  ventral  cord  ie  at  first  unsegmented,  but  soon  becomes  partially 
divided  by  a  series  of  constrictions  into  a  number  of  ganglia,  cor- 
responding with  the  segments.  The  development  of  the  commissu- 
ral and  ganglionic  portions  takes  place  much  as  in  the  Cha^topoda. 

The  Gephyrea  appi-oach  dodely  tbe  types  80  far  dealt  with,  but  the 
ventnil  cord  in  the  laermia  ia  formed  as  an  unpaired  thickening  of  the 
epiblast  In  fichiurun,  as  has  been  shewn  by  HatHcfaek  in  an  interesting 
paper  on  the  larva  of  thia  species,  published  since  the  appearance  of  the 
first  volume,  there  is  a  pwr  of  ventral  cordti'.  In  correspondence  with  a 
general  s^mentation  of  the  body,  which  is  subsequently  lost,  these  corda 
become  segmented.  Tbe  two  cords  unite  in  the  median  line,  and  Hatschek, 
in  accordance  with  his  general  view  on  this  subject,  states  that  their  junction 
is  efiected  by  means  of  a  median  oord  of  invaginated  epiblast.  The  seg- 
mentation of  the  cords  subsequently  becomes  lost  The  siiprafesophageal 
ganglia  arise  as  an  unpaired  median  thickeniug  of  the  procephalic  lobe. 
No  traces  of  s^mentation  in  the  ventral  cord  have  been  observed  by 
iftpengel  in  Bontllia,  and  the  Bupracesophageal  ganglion  is  formed  in  this 
genus  as  an  unpaired  band. 

In  all  the  groups  above  considered  the  nervous  system  clearly 
presents  the  same  type  of  development  with  various  modifications. 

It  is  formed  of  two  parts,  viz.  (1)  the  supracesopht^al  ganglia, 
and  (2)  the  ventral  cord. 

In  the  simpler  forms,  Chietopoda  and  Gephyrea,  the  aupraoesopha- 
geal  ganglia  are  usually  stated  to  be  formed  as  an  unpaired  thickening 
at  the  apex  of  the  pneoral  lobe,  which  in  most  cases  becomes  subse- 
quently bilobed. 

In  the  Arthropoda  the  unpaired  pneoral  lobe  of  the  ChEctopoda  is 
replaced  by  the  so-called  procephalic  lobes,  which  are  themselves 
bilobed ;  and  the  supracesophageal  ganglia  are  formed  of  two  in- 
dependent halves;  further  complications  in  development  ore  also 
generally  found. 

There  is  not  as  yet  sufficient  evidence  to  decide  whether  the 
supracesophageal  ganglia  were  primitively  developed  continuously 
with,  or  independently  of,  the  ventral  cords. 

The  ventral  cord  appears  in  the  embryo  as  two  ind^)endent  un- 

I.  d.  ami.  Imtit.  Wien, 
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segmented  strands,  although  in  a.  few  oases  (sijiiie  Crustacea  aud 
Geph^rea)  these  cords,  by  an  abbreviation  in  developmeot,  arise  as  an 
unpaired  median  thickening  of  the  epiblast 

The  form  of  nervous  system  of  tlie  Chaetopoda,  Arthropoda,  and 
Gephyrea  is  clearly  therefore  to  be  derived,  as  was  first  pointed  out 
by  Gegenbaur,  from  a  more  or  less  similar  type  to  that  now  found  in 
the  Nemertinea;  and  as  sii^ested  ia  the  chapter  on  larval  forms 
{vide  p.  312}  may  perhaps  bederived  from  the  elongation  of  a  cir- 
cular ring,  of  which  the  anterior  end  has  become  developed  into 
the  supracesophageal  ganglia,  the  lateral  parts  into  the  two  lateral 
strands,  while  the  posterior  part  persists  in  some  forms  in  the  junction 
of  the  ventral  cords  above  the  anus  (Enopla  and  Feripatus). 

MolltlSCft.  While  study  of  the  anatomy  of  the  nervous  sytitem  of  the 
MolluBCa,  eMpecially  of  certain  primitive  genera  (Chiton,  Haliotis,  FisHurella, 
kc.)  leaves  little  doubt  that  it  is  formed  oa  tjie  same  type  us  that  of  the 
groups  just  spoken  of,  the  development,  so  far  as  our  imperfect  knowledge 
enables  us  to  make  definite  statemeuts  on  the  subject,  is  somewhat  ab- 
normal'. 

In  the  Gasteropoda  and  Fteropoda  the  supraosophageal  ganglia  appear 
most  probably  t<)  bu  developed  either  as  paired  thickenings  of  the  epibliiBt 
of  the  velar  area,  or  as  invaginated  pits  of  the  velar  area,  which  become 
dRtacfaed  from  the  surface,  and  then  become  solid  (Hyaleacea  and  L'uiax). 
In  either  case  the  Buprace)>ophageal  gai^lia  iippear  to  be  developed  quite 
independently  of  the  pedal  ganglia.  The  latber,  as  might  be  anticipated, 
are  earlier  in  their  development  and  more  constaat  than  the  various  vi>iceral 
ganglia;  and,  if  the  views  above  expressed  are  correct,  ai-e  homologous 
with  the  ventral  cord  of  the  Chntopods  and  Arthropods,  Their  actual 
development  is  very  imperfectly  known. 

The  most  precise  statements  on  the  sulject,  viz.  those  of  Bobretzky  and 
Fol,  would  lead  hp  to  suppose  that  they  arise  in  the  mesoblaut,  but  it  Feeins 
more  probable  that  they  are  formed  as  thickenings  of  the  sides  of  the 
foot. 

In  the  Cepbalopods  alt  the  ganglia  are  stated  to  be  difierentiated  in  the 
mesoblast  (Liuik^ter,  Bobretzky). 

Hatschek'  has  recently  given  a  detailed  description  of  the  development 
of  the  supramaophageal  and  pedal  ganglia  of  Teredo.  He  finds  that  the 
former  ganglia  arise  as  an  unpaired  thickening  of  the  epiblast  in  the  centre 
of  the  velnr  area,  and  the  latter  as  an  unpaired  thickening  of  the  epiblast 
of  the  ventral  side  of  the  body  between  the  mouth  and  the  snuB,  The 
two  ganglia  would  thus  seem  to  be  disconnected  with  each  other  in  their 
development. 

(317)  F.  M.  Balfour.  "Notes  on  the  derelopmenl  of  the  Annfina."  QaaTt.J.of 
Mier.  Scienet,  Vol.  u.     IB80. 

(318)  B.  Hatschek.  "Beitr.  t.  Entmcklong  d.  Lepidopteren."  Jenaitehe  Ztit- 
tcknft.  Vol.  i:.    1877. 

(339)  M.  Eleiuenberg.  "The  developmoit  of  the  Earthworm,  Lnmbrions Tiiqw- 
Koidee."     Quart.  J.  of  MicT.  Seitaee,  Vol.  iix.    1879. 

□  Teredo."    Arbtil.  a.  d.  loot.  lH$tit.  Wim, 
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(330)  A.  Kovalevskf.  "Embiyoloftiaobe  Btndien  on  WUrmera  a.  Arthro- 
poden."    ilin.  Acad.  FUtrthourg,  SerieB  vni.,  Vol.  xvi.     1871. 

(jji)  H.  Beiehenbftoh.  "Die  Embiyonal&nlage  n.  ente  Bntwick.  d.  Flnas- 
krebses,"    Zeii.  f.  viu.  Zool..  Vol.  ira.     1977. 

The  Central  Nervous  System  ot  the  Vebtebeata'. 

The  formation  of  the  cerebto-spinal  axis  of  the  Cbordata  from  the 
incdullarj  plate  has  already  been  treated  at  length  (pp.  230 — 352). 
Before  entering  into  the  consideration  of  the  morphological  value  of 
the  various  parts  of  this  cord,  it  will  be  convenient  to  describe  the 
more  important  features  of  its  ontogeny.  For  this  purpose  the  two 
parts  into  which  the  nervous  axis  becomes  at  an  early  period  divided, 
viz.  the  epinal  cord  and  the  brain,  may  be  dealt  with  separately. 

TllG  Spinal  Cord,  shortly  after  the  closure  of  the  medullary  canal, 
has,  in  all  the  true  Vertebra.ta,  the  form  of  an  oval  tube ;  the  walla  of 
which  are  of  a  fairly  uniform  thickness,  and  are  composed  of  several  rows 
of  elongated  cella  This  cord,  as  development  proceeds,  usually  becomes 
vertically  prolonged  in  transverse  section,  and  the  central  canal  which 
it  contains  also  becomes  vertically  elongated.  The  variations  in  shape 
of  the  spinal  canal  are  very  great  at  different  periods  and  in  different 
parts  of  the  body,  and  an  attempt  to  chronicle  them  would  appear,  in 
the  present  state  of  our  knowledge,  to  be  quite  valueless'.  Fig.  117, 
in  which  the  spinal  cord  of  the  chick  of  the  third  day  is  shewn  in 
transverse  section,  illustrates  the  character  of  the  cord  at  the  stage  just 
described.  Up  to  this  time  the  walla  of  the  spinal  canal  have  exhibited 
an  uniform  structure.  A  series  of  changes  now  however  takes  place, 
which  results  in  the  differentiation  (1)  of  the  epithelium  of  the  central 
canal,  (2)  of  the  grey  matter  of  the  cord,  and  (3)  of  the  external 
coating  of  white  matter. 

The  relative  time  at  which  each  of  these  parts  becomes  developed 
is  not  constant  in  the  different  forms. 

The  white  matter  Ib  apparently  the  result  of  a  differentiation  of 
the  outermost  parts  of  the  superficial  cells  of  the  cord  into  longitudinal 
nerve-fibres,  which  remain  for  a  long  period  without  a  medullary 
sbeath.  These  fibres  appear  in  transverse  sections  as  small  dots.  The 
white  matter  foims  a  transparent  investment  of  the  grey  matter  and 
would  seem  to  contain  neither  nuclei  nor  cells'.  The  white  matter 
may  from  the  first  form  only  two  masses,  one  on  each  side,  forming 

'  For  the  deTelopment  of  the  ceatnl  nervona  sy stetn  in  Amphioxna  snd  the  ranioata 
the  reader  is  refetred  to  the  chaptere  dealing  with  those  two  groupa. 

■  Ljiwe  (No.  341)  holds  that  at  tm  earl;  stage  of  developmeDt  three  regions  can 
alwars  b«  disllugDisbed  in  an;  section  of  the  aential  canal,  viz.  (1)  a  ventral  narrow 
slit,  (S)  a  median  enUrgemeut,  and  (3)  a  domal  slit.  9nch  a  form  can  no  donbc  often 
be  observed,  but  my  ovm  obserrations  do  not  lead  me  to  attach  any  special  imporionce 

■  This  holds  true  at  first  for  Elasmobtanchij,  bnt  at  a  later  stage  there  are  pressnt 
nDmetone  uerrecellB  in  the  white  matter,  so  that  the  diatinetioii  betneen  the  white 
«Dd  grey  matter  becomes  mnoh  less  nuiked  than  in  higher  types;  in  thia  respect  EUa- 
wobranchii  present  ou  approximation  to  Amphioios. 
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a  layer  on  the  ventral  and  lateral  parts  of  the  spinal  cord  but  not 
extending  to  the  dorsal  surface  (Elssmobranchii,  tig.  1B5,  W);  or  it 
may  form  four  patches,  viz.  an  anterior  and  a  posterior  white  column 
on  each  side,  which  lie  on  a  level  with  the  origin  of  the  anterior  and 
posterior  nerve-roots  (ihe  Fowl,  Human  embryo,  etcj.  In  whichever 
of  these  forms  the  white  matter  appears,  it  is  always,  at  first,  a  layer  of 
extreme  tenuity,  which  rapidly  increases  in  thickness  in  the  subse- 
quent stages,  and  extends  so  as  gradually  to  cover  the  whole  cord 
(tig.  246). 

The  anteriorwhitecommissureisformed  very  shortly  after  the  first 
appearance  of  the  white  matter.  The  grey  matter  and  the  central 
epithelium  are  formed  by  a  differentiation  of  the  main  mass  of  the 
spinal  cord.  The  outer  cells  lose  their  epithelial- like  arrangement, 
and,  becoming  prolonged  into  filires,  give  rifte  to  the  grey  matter, 
while  the  innermost  cells  retain  their  primitive  arrangement,  and 
constitute  the  epithelium  of  the  canal.  The  process  of  formation  of 
the  grey  matter  would  appear  to  proceed  from  without  inwards,  so 
that  some  of  the  cells,  which  have,  on  the  formation  of  the  grey  matter, 
an  epithelial-like  arrangement,  subsequently  become  converted  into 
true  nerve-cells. 

As    has    already    been  ^ 

mentioned,  the  central  epi-  "' 

thelium  of  the  nervous  sys- 
tem probably  corresponds 
with  the  so-called  epidermic 
layer  of  the  epiblast  ^ 

The  grey  matter   soon  ^/ 

becomes  prolonged  dorsally 
and  ventrally  into  the  poa-      ft 
tenor  and  anterior  horns.        ^ 
Its  fibres  may  especially  be 
traced  in  two  directions: —     ^^^  („ 

(1)  round  the  anterior  end 

of  the  spinal  canal,  imme-  '/"" 

diately  outside  its  epithe- 
lium and  so  to  the  grey  .  ayr 
matter  on  the  opposite  side, 
forming  in  this  way  an  ^ 
anterior  grey  commissure, 
through  which  a  decussa- 
tion of  the  fibres  from  the 
opposite  sides  is  effected : 

(2)  dorsalwards  along  the- 
outside  of  the  lateral  walls 
of  the  canal.  „    . 

There  is  at  this  period  wiU  be  formed ;  pc.dorasl  grey  c. 

.  ...  ."^  I  urej  oomo;  tv.  epithelial  cbIIb;  age.  antenoi  com- 

no  trace  of  the  ventral  or  ^i4a,e;  p/.  don«l  part  of  epinul  canali  *pe. 

dorsal  fissure,  and  the  shape  T«iit»l  part  ot  apiual  canal ;  <i/.  aoterior  BaHne. 


Fio.  346.     Section  t 

op    A    BETBN    DAtB*    ChICK. 

pea.  dorsal  wfaite  oolumn  ;   Icie.  lateral  vbite 
□olnmn;    new.  Tentral  white   column;    c.  doiaal 
filling  up  the  part  where  the  dotaal  fiiiBura 
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of  the  central  caoal  is  Dot  very  different  to  what  it  was  at  an  earlier 
period.  This  condition  of  the  spinal  cord  is  especially  instructive, 
as  it  is  very  nearly  that  which  is  permanent  in  Amphiozus. 

The  next  event  of  importance  is  the  formation  of  the  ventral  or 
anterior  fissure.  This  owes  its  origin  to  a  downgrowth  of  the  anterior 
horns  of  the  cord  on  each  side  of  the  middle  line.  The  two  down- 
growths  enclose  between  them  a  somewhat  linear  space — the  anterior 
fissure — which  increases  in  depth  in  the  succeeding  stages  (fig.  246,  af). 

The  doraal  or  posterior  fissure  is  formed  at  a  later  period  than  the 
anterior,  and  accompanies  the  atrophy  of  the  dorsal  section  of  the 
embiyonically  large  canal  of  the  spinal  cord. 

The  exact  mode  of  its  formation  appears  to  me  to  be  still  involved 
in  some  obscurity. 

In  the  ElemerU*  of  Evihryology  the  development  of  the  posterior  fissure 
was  described  in  the  following  way  : 

"  On  the  seventh  day  the  most  important  event  is  the  formation  of  the 
posterwj  fiuurt. 

''This  IB  brought  about  by  the  absorption  of  the  roof  of  the  posterior  of 
the  two  parts  into  which  the  neural  canal  has  become  divided. 

"  Between  the  poaterior  horns  of  the  cord,  the  epithelium  forming  the 
roof  of  the,  so  to  speak,  posterior  canal  is  along  the  middle  line  covered 
neither  by  grey  nor  by  white  matter,  and  on  the  seventh  day  is  partially 
absorbed,  thus  transforming  the  canal  into  a  wedge-shaped  fissure,  whose 
month  however  is  seen  in  section  to  be  partially  ctos€Hl  by  a  triangular 
cluDip  of  elongated  cells  (fig.  246,  c).  Below  this  mass  of  cells  the  fissure 
is  oj)en.  It  is  separated  from  the  '  true  spinal  canid '  by  a  very  narrow 
space  along  which  the  side  walls  have  coalesced.  In  the  lumbar  and  sacral 
regions  the  two  stUI  commnoicaie. 

"  We  thus  find,  as  was  first  pointed  out  by  Lockhart  Clarke,  that  the 
anterior  and  posterior  fissures  of  thu  spinal  cord  are,  morphologically  speak- 
ing, entirely  difierent.  The  anterior  fissure  is  merely  the  space  left  between 
two  lateral  duwnwai'd  growths  of  the  cord,  while  the  posterior  fissure  is 
part  of  the  original  neural  cunal  separated  from  the  rest  of  the  cavity 
(which  goes  to  form  the  true  spinal  canal)  hy  a  median  coulescence  of  the 
side  wafis." 

1  confess  that  I  have  some  donbts  as  to  the  complete  accuracy  of  the 
above  statement. 

Kulliker  gives  a  full  account  of  the  gradual  atrophy  of  the  central 
canal ;  but  I  do  not  fully  understand  his  staiements  with  reference  to  the 
furmation  of  the  posterior  fissure,  which  in  fact  appears  to  be  only  inci- 
dentally mentioned.  It  would  seem  from  his  account  that  a  shiillow  and 
somewhat  wide  dorsal  fissure  is  formed  to  start  with,  in  the  human  etuhryo, 
by  two  projections  of  the  posterior  white  horns.  Ou  the  atrophy  of  the 
central  canal  this  farrow  becomes  narrowed,  but  Kiilliker  does  not 
definitely  state  how  it  becomes  deepenpd  so  as  to  give  rise  to  the  permanent 
dorsal  fissui-e. 

It  seems  to  me  probable,  though  further  investigations  on  the 
point  are  still  required,  that  the  dorsal  fissure  is  a  direct  result  of  the 
atrophy  of  the  dorsal  part  of  the  central  cimat  of  the  spinal  cord. 


3y  Google 


A- 

A'ERVOVS  SYSTEM  OF   THE    VERTEBRATA.  345 

The  walla  of  the  can&l  coalesce  doreaUy,  and  the  coal^cetice 
gradually  extends  ventral  wards,  so  as  finally  to  reduce  the  central 
canal  to  a  minute  tube,  formed  of  the  ventral  part  of  the  original 
canal.  The  epithelial  wall  formed  by  the  coalesced  walls  on  the 
dorsal  side  of  the  canal  is  gradually  absorbed. 

The  epithelium  of  the  central  canal,  at  the  period  when  its  atrophy 
commences,  is  not  covered  dorsally  either  by  grey  or  white  matter,  so 
that,  with  the  graduiil  reduction  of  the  dorsal  part  of  the  canal,  and 
the  absorption  of  the  epithelial  wall  formed  by  the  fusion  of  its  two 
sides,  a  fissure  between  the  two  halves  of  the  spinal  oord  becomes 
formed.  This  fissure  is  the  posterior  or  dorsal  fissure.  In  the  process 
of  its  formation  the  wh'te  matter  of  the  dorsal  horns  becomes  pro- 
longed 80  as  to  line  its  walls;  and  shortly  after  ite  formation  the 
doi^  grey  commissure  makes  its  appearance,  which  is  not  impro- 
bably derived  from  part  of  the  epithelium  of  the  original  central 
canal. 

Development  of  tite  Brain. 

The  brain  is  formed  from  the  anterior  portion  of  the  medullary 
plate.  When  the  medullary  plate  first  becomes  differentiated  it  is 
not  possible  to  distinguish  between  the  region  of  the  brain  and  that 
of  the  spinal  cord.  The  brain  region  is  however  usually  very  eai  ly  in- 
dicated oy  a  widening  of  the  medullary  plate,  but  does  not  become 
sharply  marked  off  from  the  region  of  the  spinal  cord.  In  many 
Ichthyopsida  (Elasmobranchii  [fig.  28,  C)  and  Amphibia  (fig.  77,  A.)) 
the  anterior  dilatation  gives  to  the  medullary  plate,  before  its  sides 
meet  to  form  a  canal,  a  spatula-like  form;  which  is  either  not  present 
or  less  marked  in  Reptilia,  Avea  and  Mammalia. 

The  length  of  the  brain  as  compared  to  the  spinal  cord  is  always 
very  great  in  the  embryo,  and  in  the  earliest  developmental  periods 
the  disproportion  in  the  size  of  the  brain  is  specially  marked,  owing 
to  the  full  number  of  the  somites  of  the  trunk  not  having  been 
formed.  In  Elasmobranchii  the  brain  is  about  one-third  of  the 
whole  length  of  the  embryo  at  the  stage  immediately  following  the 
closure  of  the  medullary  canal. 

The  first  differentiation  of  the  brain  into  distinct  parts  is  a  very 
early  occurrence,  and  may  take  place  before  (Mammalia)  or  during 
the  closure  of  the  medullary  folds.  TTie  brain  first  becomes,  divided 
into  two  successive  lobes  or  vesicles  by  a  single  transverse  constric- 
tion, and  subsequently  the  posterior  of  these  again  becomes  divided 
into  two,  so  that  three  lobes  are  formed — known  as  the  fure-  the 
raid-  and  the  hind-brain ;  of  these  the  hind-brain  is  usually  the 
longest.  In  some  instances  a  bilubed  stage  can  hardly  he  recognised. 
This  primitive  division  of  the  brain  is  shewn  in  many  of  the  figures 
already  given.  The  reader  may  perhaps  best  refer  to  fig.  108.  On  the 
closure  of  the  medullary  groove  the  lumen  of  the  medullary  canal  is 
continued  uninterruptedly  through  the  brain,  but  dilates  considerably 
in  each  of  the  cerebral  vesicles. 
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The  anterior  lobe  of  the  brain  becomea  converted  into  the  cere- 
bral hemispheres,  the  thalamencepiiaion,  the  primary  optic  vesicles, 
and  the  parts  conoected  with  them.  The  middle  lobe  becomes  the 
optic  lobes  (corpora  bigemina  or  corpora  quadrigemina  in  Mammalia) 
and  the  crura  cerebri ;  while  the  posterior  lobe  becomes  converted  into 
the  cerehelluni  and  medulla  oblongata. 

Before  deticribing  in  detail  the  changes  b;  which  the  primanr 
vesicles  of  the  brain  become  converted  into  the  above  parts,  it  will 
be  convenient  to  say  a  few  words  about  the  general  development  of 
the  brain. 

The  most  striking  peculiarity  with  reference  to  the  general 
development  of  the  brain  is  a  curvature  which  appears  in  its  axis, 
known  as  the  cranial  flexure.  The  flexure  takes  place  through  the 
mid-brain,  and  causes  the  fore-brain  to  be  gradually  bent  downwards 
so  that  the  axis  of  its  floor  forms,  first,  a  right  angle  with  that  of  the 
hinder  part  of  the  brain,  and  subsequently,  as  a  rule,  an  acute  angle. 
During  these  changes  the  brain,  in  most  Amniota  at  any  rate, 
becomes  in  the  first  instance  retort-shaped,  the  cerebral  vesicle  form- 
ing the  swollen  part  of  the  retort,  but  subsequently  the  retort-shape 
is  lost  owing  to  the  great  development  of  the  vesicle  of  the  mid- 
brain, which  forms  the  termination  of  the  long  axis  of  the  embryo. 
Figs.  29,  76,  and  1 18,  are  representative  figures  of  embryos  of  various 
vertebrate  forms  at  a  period  when  the  mid-brain  forms  the  termina- 
tion of  the  long  axis  of  the  body. 

It  is  generally  stat«d  that  the  cranial  fiesure  is  at  its  maximum 
at  the  stage  represented  in  these  figures,  and  there  can  be  no  doubt 
that  viewed  from  the  exterior  the  cranial  flexure  ceases  to  be  so 
marked  a  feature,  and  finally  disappears 
as  the  embryo  gradually  grows  older;  but 
though  the  mid-brain  ceases  to  form  the 
termination  of  the  long  axis  of  the  em- 
bryo, the  flexure  of  the  brain  becomes 
in  many  forms  absolutely  more  marked; 
while  in  other  forms,  tliough  stated  to 
diminish,  it  does  not  entirely  vanish. 

The  general  nature  of  the  changes 
which  take  place  will  perhaps  best  be 
understood  by  a  comparison  of  figs.  247 
and  248  representing  longitudinal  sec- 
tions at  two  stages  through  the  brain 
of  an  embryo  Elasmobranch.  The  actual 
cranial  flexure,  i.e.  flexure  of  the  floor  of 
the  brain,  is  obviously  greater  in  the 
older  of  the  two  braius,  though  viewed 
from  the  exterior  the  axis  of  this  brain 
appears  to  be  quite  straight.  In  the 
younger  stt^,  tig.  247,  the  mid-brain 
(mb)  forms  the  end  of  the  long  axis  of 


Fia.  247.    LoNoiTimiNAj,  si 


ctr.  commencemeDt  of  the 
cerebral  hemiapbcre;  pn.  pineal 
gland;  In.  intumlibDliim;  jil.  iii- 
growtb  tram  montb  to  form  the 
pitnitarj  body;  mli.  mid-brain; 
cb.  cerebellum;  ch.  notocbonl; 
al.  alimentary  trsot;  laa.  nrtery 
of  mandibular  arch. 
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aispheres  (cer)  have 


the  body,  while  in  the  older  one  the  cerebral  hi 
grown  very  greatly,  eapecialiy  for- 
wards and  dorsalwards.  They  have 
thus  come  to  lie  in  front  of  the  mid- 
brain, and  to  form  the  end  of  the 
long  axis  of  the  body,  and  have  at 
the  same  time  compressed  the  origi- 
nally large  thalamencephalon  against 
the  mid'brain.  The  same  general 
features  may  be  seen  in  fig.  250  re- 
presenting a  longitudinal  eection  of 
the  brain  of  an  embryo  fowl,  and 
fig.  255  representing  a  longitudinal 
section  of  the  brain  of  a  Mammal. 

The    infundibulum    or   perhaps         Fio.  a« 
rather  the  point   of  origin   of  the 
optic  nerves  is'  to  be   regarded   as 
tlie  anterior  termination  of  the  axis 
of  the  base  of  the  brain. 

The  cranial  flexure  is  least  marked 
in  Cfclostomata  (fig.  253),  Teleostei, 
Oanoidei,  and  Amphibia,  while  it  is 
very  pronouncwl  in  Elasmobranchii, 
Reptilta,  Aves,  aad  Mummalia.  In 
Tuleoatei,  and  still  more  in  Oyclosto- 
mata,  it  jrermanently  remains  slight, 
owing  to  the  small  development  of  the 
cerebnd  hemisphereH. 

In  addition  to  the  cranial  flexures,  two  other  flexurea  make  their 
appearance  in  the  base  of  the  brain.  A  posterior  at  the  junction  of  the 
brain  and  spinal  cord,  and  an  anterior  at  the  boundary  between  the 
cerebellum  and  medulla  oblongnta,  just  at  the  point  where  the  pons  Varolii 
is  formed  in  Mammalia.  Tbe  anterior  of  these  is  the  moat  marked  and 
constant ;  it  is  sbewn  in  fig.  250.  It  ariiics  conaiderabl}'  Ittt^r  tbaa  the  main 
cranial  flexure,  and  since  it  is  turned  the  opposite  way  it  asaista  to  a  con- 
siderable extent  in  causing  the  apparent  straightening  of  the  cranial  axis. 

ffistogenetic  changes'.  The  walls  of  the  brain  are  at  finit  very 
thin  and,  like  those  of  the  spinal  cord,  are  formed  of  a  number  of 
ranges  of  apiudle-shaped  cells.  Tbe  processes  of  each  of  these  cells 
are  stated  to  be  continued  through  the  whole  thickaess  of  tbe  wall. 
In  the  floor  of  the  hind-  and  mid-brain  a  superficial  layer  of  delicate 
nerve-fibres  is  formed  at  an  early  period.  This  layer  appears  in 
the  first  instance  on  the  floor  and  sides  of  the  hind-brain,  and  very 
slightly,  if  at  all,  later  on  the  floor  and  the  sides  of  the  mid-brain. 
The  cells  internal  to  the  nerve-fibres  become  differentiated  into  an 

>  It  is  not  within  tbe  scope  of  this  work  to  give  an  acccngt  of  tbe  histogeaeBiB  of  tlie 
brain ;  in  tbe  statement  in  the  text  unly  a  tew  points,  of  tome  moiphological  import- 
bum,  are  tonehed  on. 


ctr,  oerebnil  bemisphere;  ■pn.  pi- 
neal gland  ;  op.f  ft.  optic  thalamas,  con- 
nected with  its  fellow  hy  a  comnusaure 
(tbe  middle  commieBure).  In  A'ont  of 
it  is  Been  a  fold  of  the  roof  of  the  fore- 
brain,  which  is  connected  with  the  obo- 
Toid  pleiua  of  the  third  ventricle;  op. 
optic  ohiasaa;  p(.  pitnitaty  body;  in. 
infundibulum;  eh.  oerebellnm;  aa.v. 
pasBage  leading  from  the  auditory  veBi- 
cle  to  the  eitRrior;  mel.  medulla  ob- 
longata; C.in.  internal  carotid  uter;. 
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inDermoBt  epithelial  layer  lioing  the  cavities  of  the  ventricles,  aod  an 
outer  layer  of  grey  matter. 

The  aimileirity  of  the  primitive  arrangemeDt  and  hbtological 
character  of  the  parts  of  the  brain  be&iod  the  cerebral  hemiapherea 
to  that  of  the  spinal  cord  ia  very  conclusively  shewn  by  the  examina- 
tion of  any  good  series  of  sectiona.  In  both  brain  and  Bpioal  cord 
the  white  matter  forms  a  cap  on  the  ventral  and  lateral  parts  con- 
siderably before  it  extends  to  the  dorsal  surface.  In  the  medulla 
the  white  matter  does  not  eventually  extend  to  the  roof  owing  to 
the  peculiar  degeneration  which  that  part  undergoes. 

In  the  case  of  the  fore-brain  the  earliest  histological  changes, 
except  possibly  in  Mammals,  take  place  on  the  same  general  plan  as 
those  of  the  remainder  of  the  central  nervous  system' ;  but  though 
the  general  plan  is  the  same,  yet  the  early  histological  distioction 
betweeu  the  fore-brain,  and  the  mid-  and  hind-brain  is  more  marked 
than  the  distinction  between  the  latter  and  the  spinal  cord. 

On  the  floor  and  sides  of  the  thalamencephalon,  and  apparently 
the  whole  of  the  hemispheres  of  the  lower  types,  there  is  formed, 
somewhat  later  than  in  the  remainder  of  the  brain,  a  very  delicate 
layer  of  white  matter.  The  inner  part  of  the  wall,  which  still  remains 
comparatively  thin,  is  not  at  first  clearly  divided  into  an  epithelial 
and  nervous  layer.  This  distinction  soon  however  becomes  more  or 
less  apparent,  though  it  is  not  so  marked  as  in  most  other  parts  of 
the  brain ;  and  it  appear  that  in  the  subsequent  growth  the  greater 
part  of  the  original  epithelial  layer  becomes  converted  into  nervous 
tissue. 

lo  Mammals  the  aame  plan  of  differentiation  would  seem  to 
be  fullowed,  though  somewhat  less  obviously  than  in  the  lower 
types.  The  walls  of  the  hemisphere.s  become  first  divided  (Kolliker) 
into  a  superficial  thinner  layer  of  rounded  elements,  and  a  deeper 
and  thicker  epithelial  layer,  and  between  these  the  fibres  of  the  crura 
cerebri  soon  interpose  themselves.  At  a  slightly  later  period  a  thin 
superficial  layer  of  white  matter,  homologous  with  that  of  the  re* 
maiuder  of  the  brain,  becomes  established. 

The  inner  layer,  together  with  the  fibres  from  the  crura  cerebri, 
gives  rise  to  the  major  part  of  the  white  matter  of  the  hemispherea 
and  to  the  epithelium  lining  the  lateral  ventricles. 

The  outer  layer  of  rounded  cells  becomes  divided  into  (1)  a 
superficial  part  with  comparatively  few  cells,  which,  together  with 
its  coating  of  white  matter,  forms  the  cortical  part  of  the  grey  matter, 
and  (2)  a  deeper  layer  with  nuioerouB  cells  which  forms  the  main  mass 
of  the  grey  matter  of  the  hemispheres. 

The  development  of  the  several  parts  of  the  brain  will  now  be 
described. 

The  hind-brain.     The  hind-brain  is  at  first  an  elongated,  fuouel- 
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sliaped  tube,  the  walla  of  which  are  of  a  nearly  uniform  thickness, 
though  the  roof  and  tloor  are  somewhat  thioDer  than  the  aideH.  It 
forms  a  direct  coDtinuatiua  of  the  spinal  cord,  into  which  it  passes 
without  UDj  sharp  line  of  demarcation.  The  ventricle  it  contains  is 
known  as  the  fourth  ventriclel 

The  &\&VA  bec'ime  in  the  chick  marked  by  a  series  of  transverse 
coflHtrictions,  dividing  it  into  lobee,  which  are  somewhat  indeiinite  in 
number.  The  tirst  of  these  remains  permanent,  and  its  roof  gives  rise 
to  the  cerebetlum.  It  in  uncertain  whether  the  other  constrictions  have 
any  morphological  significHnce.  More  or  less  similar  constrictions  are 
present  in  Teleostei.  In  Elasmobranchii  the  medulla  presents  ou  its 
inner  face  at  a  late  period  a  series  of  lobes  corresponding  with  the  roots 
of  the  vagus  and  glotisopharjngeal  nerves,  and  it  is  possible  that  the 
earlier  constrictions  may  potentially  correspond  to  so  many  nerve-roots. 

Throughout  the  Vertebrata  an  anterior  lobe  of  the  hind-brain 
l>ecome3  very  early  marked  o£f,  so  that  the  primitive  hind-brain 
becomes  divided  into  two  regions  which  may  be  conveniently  spoken 
of  as  the  cerebellum  (figs.  247  and  248,  cb)  and  medulla  oblongata. 
The  floor  of  these  regions  is  quite  continuous  and  is  also  prolonged 
without  any  break  into  the  floor  of  the  mid-brain. 


JIQA 

Fio.  248.  Bbctios  theodob  th«  HWD-BRiiir  or  a  Chiok  at  the  bmd  or  thb 
rmas  DAt  or  nicirBiTtoH. 

IV  Fourth  veotriole.  The  section  Bhewa  the  yety  thin  roof  sad  thiolier  aides  of 
the  ventricle.  Ch.  Notoehord;  CV.  Anterior  cardinal  vein;  CC.  Invotnled  anditory 
vesiole;  CC  points  to  the  end  which  will  form  the  ooohlesr  canal;  RL.  Booessua 
bbyrinthi  (remainB  of  pasaage  oonnectiDK  the  vesicle  with  the  exteiioi) ;  hy.  Hypoblast 
lining  the  alimentaty  oanal ;  AC,  AOA,  Aorta,  and  aortic  arch. 

The  posterior  section  of  the  hind-brain,  which  forms  the  medulla, 
undergoes  changes  of  a  somewhat  complicated  character.    In  the  first 
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place  its  roof  becomes  in  front  very  much  extended  and  thinneil  out. 
At  the  raphe,  where  the  two  lateral  halves  of  the  brain  originally 
united,  a  separation,  as  it  were,  takes  place,  and  the  two  sides  of  the 
brain  become  pushed  apart,  remaining  united  by  only  a  very  thin 
layer  of  nervous  matter,  consisting  of  a  single  row  of  tlattcned  cells 
(fig.  24^9).  As  a  result  of  this  peculiar  growth  in  the  brain,  the  roots 
of  the  nerves  of  the  two  sides,  which  were  originally  in  contact  at  the 
dorsal  summit  of  the  brain,  become  carried  away  from  one  another, 
and  appear  to  arise  at  the  sides  of  the  brain. 

The  thin  roof  of  the  fourth  ventricle  is  triangular,  or,  in  Mammalia, 
somewhat  rhomboidal  in  shape.  The  apex  of  the  triangle  is  directed 
backwards. 

At  a  later  period  the  blood-vessels  of  the  pia  mater  form  a  rich 
plexus  over  the  anterior  part  of  the  thin  roof  of  the  medulla,  which 
becomes  at  the  same  time  somewhat  folded.  The  whole  structure  is 
knovm  as  the  tela  vasculosa,  or  choroid  plexus  of  the  fourth 
ventricle  (fig.  250,  cftrf4),  Thefloor  of  the  whole  hind-brain  becomes 
thickened,  and  there  very  soon  appears  on  its  outer  surface  a  layer  of 
non-medullated  nerve-fibres,  similar  to  those  which  first  appear  on 
the  spinal  cord.  They  are  continuous  with  a  similar  layer  of  fibres 
on  the  floor  of  the  mid-brain,  where  they  constitute  the  crura  cerebri. 
On  the  ventral  floor  of  the  medulla  is  a  shallow  continuation  of  the 
anterior  fissure  of  the  spinal  cord. 

In  Elasmobranchii.  and  many  TeleoBtei  the  restiform  tracts  are  well 
developed,  and  are  anteriorly  continued  into  the  cerebeiium,  of  whicb 
they  form  the  peduncles.  Near  their  junction  with  the  cerebellum  they 
fonn  prominent  bodieji,  which  are  regained  by  Miklucho-Maclay  as  repre- 
eenting  the  true  cerebellum  of  Elasmobranchii 

In  Elaemobrauchii  a  dorsal  pair  of  ridges  projects  into  the  cavity  of  the 
fourth  ventricle,  corresponding  apparently  with  the  fasciculi  teretes  of  the 
Mammalia. 

In  Mammalia  there  develop,  subsequently  to  the  longitudinal  fibres 
already  spoken  of,  first  the  olivary  bodies  of  the  ventral  side  of  the  medulla, 
and  at  a  still  later  period  the  pyramida  The  fasciculi  teretes  in  the  cavity 
of  the  fourth  ventricle  are  developed  Hhortiy  before  the  pyramids. 

When  the  hind-brain  becomes  divided  into  two  regions  the  roof 
of  the  anterior  part  dues  not  become  thinned  out  like  that  of  the 
posterior,  but  on  the  contrary,  becomes  somewhat  thickened  and  forms 
a  band-like  structure  roofing  over  the  anterior  part  of  the  fourth 
ventricle  (fig.  247  and  fig.  253,  c6). 

This  is  a  rudiment  of  the  cerebellum,  and  in  all  Craniate  Ver- 
tebrates it  at  first  presents  this  simple  structure  and  insignifieant 
size.  In  Cyolostomata,  Amphibia  and  many  Reptilia  this  condition 
is  permanent.  In  Elasmobranchii,  on  the  other  hand,  the  cerebellum 
assumes  in  the  course  of  development  a  greater  and  greater  pro- 
minence (fig.  24<8,  cb),  and  eventually  overlaps  both  the  optic  lobes 
in  front  and  the  medulla  behind.  In  the  later  embryonic  stages  it 
exhibits  in  sur^ioe-views  the  appearance  of  a  median  constriction,  and 
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the  portion  of  the  ventricle  contained  in  it  is  prolonged  into  two 
lateral  outgrowths. 


Mikliicho-Maclay,  from  hiH  observations  on  the  bruns  of  adnlt  I 
branchii,  was  led  to  regard  what  is  here  called  the  cerebellum  as  identical 
with  the  mid-brain,  and  the  true  mid-brain  as  part  of  the  tbalauencephalon. 
Miklucho-Macla^  was  no  doubt  misled  by  the  large  aiie  of  the  cerebellum, 
but,  aa  we  have  seen,  thia  body  does  not  begin  to  be  cou8|iicuous  till  late  in 
embryonic  life. 

The  mid-biuin  and  thalamencepbalon  (according  to  the  ordinary  inter- 
pretations) have  in  the  embryo  of  Elaamobntnchs  exactly  the  sanie  relations 
aa  in  the  embryos  of  other  Vertebrates;  so  that  the  embryological  evidence 
appears  to  tue  to  be  conclusive  against  Miklucho-MocUy's  view. 

In  Birds  the  cerebellum  attains  a  very  considerable  development 
(fig.  250,  cbl),  consisting  of  a  folded  central  lobe  with  an  arbor  vitaf>, 
into  which  the  fourth  ventricle  is  prolonged.  There  are  two  small 
lateral  lobes,  apparently  equivalent  to  the  flocculi.     Anteriorly  the 
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(After  Mibalkovi«8.) 
Am*.  oetebnllieiniBpheTeg ;  at/,  oirootoiy  lobe;  oXf^.  olfactory  nerve;  jfft.  oorpus 
atriatam;  tana,  anterior  oommiaanre;  ehA%.  choroid  plexQs  of  the  third  ventricle; 
pin.  pinealglandj  cmp.  poBtorioreommiaHiire;  (m.  lamina  terminalis;  ehm.  optio 
ohlasoia;  in/,  infandibalum;  Apft.  pitniUry  body;  b^m.  commisaure  at  Sylvioa  (roof 
of  iter  a  lertio  ad  qaartum  TentricDlnm) ;  cdui.  velnin  medallie  anteriaB  (valve  of 
Tienaaena);  chl.  oerebelltim ;  thd^  choroid  pieios  of  the  fourth  ventricle;  obti.  roof 
of  fourth  ventricle ;  ohl.  medvUa  oblongata ;  pn<.  eommiaiDral  part  of  medoUa;  fnv. 
abeath  of  biain;  bit.  basilar  artery;  cttt.  internal  carotid. 

cerebellum  is  connected  with  the  roof  of  the  mid-brain  by  a  delicate 
membrane,  the  velum  raedullEB  anterius,  or  valve  of  Viens^ens  (fig. 
250,  vmd).  The  pons  Varolii  of  Mammalia  is  represented  by  a  small 
number  of  transverse  fibres  on  the  tloor  of  the  hind-brain  immediately 
below  the  cerebellum. 

In  Mammalia  the  cerebellum  attains  a  still  greater  development 
The  median  lobe  or  vermiform  process  is  first  developed.  In  the 
higher  Mammalia  the  lateral  parts  forming  the  hemispheres  of  the 
cerebellum  become  formed  as  swellings  at  the  sides  at  a  considerably 
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Iftter  period,  and  are  hardly  developed  in  the  MoDotretnata  aud  Mar- 
Bupialia. 

The  cerebellum  is  cotmected  with  the  roof  of  the  mid-brain  in  front  and 
with  the  choroid  plexus  of  the  fourth  ventricle  behind  by  delicate  mem- 
brauous  structtirtiB,  kuown  as  the  velum  meUullee  auterius  (valve  of 
Vieusaens)  aud  the  velum  medulla  posterius. 

The  pons  Varolii  is  formed  on  the  ventral  side  of  the  flnor  of  the 
cerebellar  region  as  a  bundle  of  transverse  fibres  at  about  the  same  time  as 
the  olivary  bodies. 

The  mid-brain.  The  changea  undergone  by  the  mid-brain  are 
simpler  than  those  of  any  other  part  of  the  brain.  We  have  already 
seen  that  the  mid-brain,  on  the  appearance  of  the  cranial  fiexure, 
forms  an  unpaired  vesicle  with  a  vaulted  roof  and  curved  floor,  at 
the  front  end  of  the  long  axis  of  the  body  (fig.  118,  MB).  It  is  at 
this  penod  in  most  Vertebrates  relatively  much  larger  than  in  the 
adult ;  and  it  is  only  in  the  Teleostei  that  it  more  or  less  retains  in 
the  adult  its  embryonic  proportions. 

The  cavity  of  the  mid-brain,  greatly  reduced  in  size  tn  the  higher 
forms,  is  known  as  the  iter  a  tertio  ad  quartum  ventriculum,  or  aque- 
ductus  Sylvii. 

The  roof  of  the  mid-brain  is  sharply  constricted  off  from  the 
divisions  of  the  brain  in  front  of  and  behind  it,  but  these  constrictions 
do  not  extend  to  the  floor. 

In  some  Vertebrates  the  region  of  the  mid-brain  is  stated  to 
undei^  hardly  any  further  development.  In  the  Axolotl  it  remains 
accordii^  to  Stieda'  as  a  simple  tube  with  nearly  uniformly  thick 
walls.  In  the  majority  of  forms  it  undei^oes,  however,  a  more  com^ 
plicated  development. 

In  Elasmobrancha  the  sides  become  thickened  to  form  the  optic  lobes, 
which  are  soon  separated  by  a  median  longitudinal  groove.  The  floor  be- 
comes thickent-d  to  form  the  crura  cerebri.  The  primitive  simple  median 
cavity  becomes  imperfectly  divided  into  a  median  portion  below,  aud  two 
lateral  diverticula  in  the  optic  lobes. 

In  Teleostei  the  changes,  resulting  in  the  formadon  of  (1)  a  pair  of 
longitudinal  ridges  projecting  from  the  roof  into  the  cavity  of  the  iter, 
oonstituting  the  fornix  of  Giottsche,  aud  (2)  of  t^e  two  swellings  on  the 
floor,  forming  the  tori  semicirculares,  are  more  complicated,  but  have  not 
been  satisfactorily  worked  out.  In  Biimbinator  aud  the  Anura  g«nerally 
the  ohauges  are  of  the  same  nature  as  those  in  Elaamobranchii,  escept  that 
the  prolongations  of  the  ventricle  into  the  optic  lobes  are  still  further  cou- 
etricted  off  from  the  median  portion,  which  forms  the  tine  iter. 

In  Beptilia  and  Aves  the  development  of  the  mid-l>r&in  takett  place  on 
the  same  type  as  in  B^asmobrancbii  and  the  Anura.  In  Birds  the  optic 
lobes  are  pushed  very  much  aside,  and  the  ruof  of  the  iter  is  greatly  thinned 
out.  In  Mammalia  the  sides  of  the  mid-btain  give  rise  to  two  pairs  of 
prominences — ^the  corpora  quadrigemina — instead  of  the  two  optic  lobea  of 

d.  Aiolotl."    Zeit.  /.  iriji.  Zool.,  VoL 
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other  Vertebrnta.  The  proraineDoea,  which  do  not  contain  prolongations 
of  the  iter,  become  first  visible  on  the  appearance  of  an  oblique  tmnaverse 
furrow,  while  the  anterior  |>air  alone  are  separated  by  a  longitudinal  fuiTow. 
Jn  the  later  stages  of  developmeat  the  longitudinal  furrow  is  continued  ao 
as  to  bisect  the  posterior  pair. 

The  floor,  which  is  bounded  posteriorly  by  the  pons  Varolii,  becomes  the 
crura  cerebri.  The  coi-pora  geniculata  interna  also  belong  to  this  division 
of  the  brain. 

Fore-brain.  In  its  earliest  condition  the  fore-l>rata  forms  a  siogle 
vesicle  without  a  trace  of  separate  divisioDS,  but  very  early  it  buds  off 
the  optic  vesicles,  whose  history  is  described  with  that  of  the  eye. 


Fio.  252. 


al.  alimeutaiy  tract;  Jb.  thalomenceplia- 
Ion ;  I,  lens  of  eye :  op,  r.  optio  vesicle.  The 
meaoblast  is  not  Tepreaented. 


10 UNO   PBISTTDBDB   BUBHVn. 

etr.  coDuneDoenieDt  of  cerebral 
hemisphere;  pn.  pineal  gland;  In. 
infiuidibiiliim ;  pi.  ingrowth  of 
moulh  to  form  the  pitaitary  body; 
Mb.  mid-brain;  eb.  cerebellum;  eh. 
nntochoid;  al.  alimentary  tract: 
laa.  artery  of  mandibnlai  arch. 


The  optic  vesicles  become  gradually  constricted  off  from  the  fore- 
bi'ain  in  a  direction  obliquely  backwards  and  downwards.  They  remain, 
however,  attached  to  it  at  the  anterior  extremity  of  the  base  of  the 
fore-brain  (fig.  2-51  op.v.).  While  the  above  changes  are  taking  place 
in  the  optic  vesicles  the  anterior  part  of  the  fore-brain  becomes  pro- 
longed, and  at  the  same  time  somewhat  dilated.  At  first  there  is  no 
sharp  boundary  between  the  primitive  fore-brain  and  its  anterior  pro- 
longation, but  there  shortly  appears  a  constriction  which  passes  from 
above  obliquely  forwards  and  downwards.  This  constriction  is  shallow 
at  first,  but  soon  becomes  much  deeper,  leaving  however  the  cavities 
of  the  two  divisions  of  the  fore-brain  uriit-ed  ventrally  by  a  somewhat 
wide  canal  (fig.  352). 

Of  these  two  divisions  the  posterior  becomes  the  tbalamen- 
cephalon,  while  the  anterior  and  larger  division  [cer)  forms  the  rudi- 
ment of  the  cerebral  hemispheres  and  olfactory  lobes.     For  a  con- 
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siderable  period  this  rudiment  remains  perfectly  elmple,  and  exhibits 
no  aigna,  either  externally  or  interually,  of  a  longitudioal  constriction 
dividing  it  into  two  lobes. 

From  the  above  description  it  may  be  concluded  that  the  rudi- 
ment of  the  cerebral  hemispheres  is  contained  in  the  original 
fore-brain.  In  spite  however  of  their  great  importance  in  all  the 
Craniata,  it  is  probable  that  the  hemispheres  were  either  not  present 
as  distinct  structures,  or  only  imperfectly  separated  from  the  ihala- 
mencepbalon,  in  the  primitive  vertebrate  stock. 

The  th&UuaeilCephaloil.  The  tbalamencephalon  varies  so  slightly 
in  structure  throughout  the  Vertebrate  series  that  a  general  descrip- 
tion will  suffice  for  all  the  types. 

It  forms  at  first  a  simple  vesicle,  the  walls  of  which  are  of  a  nearly 
uniform  thickness  and  formed  of  the  usual  spindle-shaped  cells. 

The  cavity  it  contains  is  known  as  the  third  ventricle.  Anteriorly 
it  opens  widely  into  the  cerebral  rudiment,  and  posteriorly  into  the 
ventricle  of  the  mid-bmin.  The  opening  into  the  cerebral  rudiment 
becomes  the  foramen  of  Munro. 

For  convenience  of  description  I  shall  divide  it  into  three  regions, 
viz.  (1)  the  floor,  (2)  the  sides,  and  (3;  the  roof 

The  floor  becomes  divided  into  two  parts,  an  anterior  part,  giving 
origin  to  the  optic  nerves,  in  which  is  formed  the  optic  chiasma;  and 
a  posterior  part,  which  becomes  produced  into  an  at  first  incon- 
spicuous prominence — the  rudiment  of  the  infuudibulum  (fig.  252 
In).      This  curaes  in  contact  with  an  involution  from  the  mouth. 


Fm.  2SS.       DlAOBAHMATIC    TEBTICU,   SEH 

Petbovyzoh. 

The  IsrvA  had  b««D  hatched  thrae  Aa,ya,  and  was  I'B  mm.  in  length.  The  optic  And 
auditory  veuoles  are  anppoaed  to  be  seen  through  the  tisBuea. 

L'.A.  cerebral  hemiBphere;  th.  optic  thalamoH;  in.  infondibulum  ;  pn.  pineal  gland ; 
mh.  mid-brain;    cb.  oerebeUum;   md.  medulla  oblongata ;   aii.v.  auditory  veaicle ;    op. 

which  gives  rise  to  the  pituitary  body  (fig.  252  pt),  the  development 
of  which  will  be  dealt  with  separately. 

In  the  later  stages  of  development  the  infundihulum  becomes 
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gradually  prolonged,  and  furms  an  elongated  diverticulum  of  the  third 
ventricle,  the  apex  of  which  is  in  contact  with  the  pituitary  body 
(figs.  252,  254  in.  and  figs.  250  and  255  inf). 

Along  the  sides  of  the  infundibulum  run  the  commissural  fibres 
connecting  the  floor  of  tiie  mid-braia  with  the  cerebrum. 

In  its  later  stages  the  infundibular  region  presents  considerable  varia- 
tions in  the  diffei'eiit  vertebrate  types.  In  Fishes  ib  generally  remains  vei-y 
large,  and  pennaneuCly  forms  a  marked  diveHiculiim  of  the  floor  of  the 
thitlamenceplialun.  In  Ela'>mobrauchii  the  distal  e&'l  becomes  divided  intti 
three  lobes — a  median  and  two  Istenil.  The  lateral  lobes  appear  to  become 
the  sacui  vasciilosi  of  the  adult. 

In  Teleostei  peculiar  bodies  known  as  the  lobi  inferiores  (hyposiia) 
niake  their  appearance  at  the  sides  of  the  infundibulum.  They  appear  to 
con'espond  in  position  with  the  tuber 
cinereum  of  Mammalia'.  In  Bird^, 
BeptUes,  and  Amphibia  the  lower  part 
of  the  embryonic  infundibulum  becomes 
atrophied  and  reduced  to  a  mere  fiuger- 
like  process — the  processus  iufuudibuli. 

In  Mammalia  the  posterior  part  of 
the  primitive  infundibulum  becomes  the 
corpus  albicans,  which  is  double  in  Man 
and  the  higher  Apes;  the  ventral  part  < 
of  the  posterior  wall  forms  the  tuber 
cinereum.  Laterally,  at  the  junction  of 
tlie  optio  thalami  and  infundibulum, 
there    are     placed     the    fibres    of   the 

crura  cerebri,  which  are  probably  de-  Fki.  251.      Ih>N(iii-udihil  bkction 

rived  from  the   walls  of  the  infundi- 
bulum.     A  special  process  grows  out 

from    the  base  of    the   infundibulum,  v    .  u  „■    u 

,  .  ,  ,  I-         I  ]  eer.  oerebiu  heauspnere;    dr.  pi- 

which  undergoes  peculiar  ch;inges,  and  „«*!  Bland;  o^f-fA. optio  thalamuB.oon- 

becomes    intunately    united     with    the  nected  with  its  fellow  b;  a,  aommiBsure 

pituitary  body ;  in  which  connection  it  (the  middle  ooinmiBBure).     Id  front  of 

will  be  luor.  fully  described.  ''  »  •••«  •  M'  °'"»  "°'.?'  '>'•  '"'; 

''  breiD.  which  IB  the  choroid  plexus  of 

The    sides     of    the    thalamence-  the  third  Tentric'e;  op.  optic  chiauns; 

phalon  become  very  early  thickened  P'-  pifi's^y  body;  in.  iufundibuium ; ' 

•^  J  .J  c6.  cerebtUom ;    uu.u.  passage  leadinR 

to  form  the  optic  thalami,  which  con-  f^^j^  the  andilory  vewcle  to  the  ei- 
Stitute  the  most  important  section  of      terior;  nul.  medulla  oblongata;  C.in. 

the    thalaraencepbalon.      They   are     internal  carotid  artei,. 
separated,     in     Mammalia     at     all 

events,  on  their  inner  aspect  from  the  infundibular  region  b^  a 
somewhat  S-shaped  groove,  known  aa  the  sulcus  of  Munro,  which 
ends  in  the  foramen  of  Munro.  They  also  become  in  Mammalia 
secondarily  united  by  a  transverse  commissure,  the  grey  or  middle 
,  which  passes  across  the  cavity  of  the  third  ventricle. 
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This  commissure  is  probably  homologous  with,  and  derived  from,  a 
commissural  band  in  the  roof  of  the  thalamencephalon,  placed  imme- 
diately in  front  of  the  pineal  gland  which  is  well  developed  in  E\&^- 
mobranchii  {fig.  254). 

The  roof  undergoes  more  complicated  changes.  It  becomes  di- 
vided, on  the  appearance  of  the  pineal  glaad  as  a  small  papilliform 
outgrowth  (the  development  of  which  is  dealt  with  separately),  into 
two  regions — a  longer  anterior  in  front  of  the  pineal  gland  and  a 
shorter  posterior.  The  anterior  reginn  becomes  at  an  early  period 
excessively  tbin,  and  at  a  later  period,  when  the  roof  of  the  thalamen- 
cephalon is  shortened  by  the  approucli  of  the  cerebral  hemispheres 
to  the  mid-brain,  it  becomes  (vide  figs.  250  and  255  chd  3  and  254) 
considerably  folded,  while  at  the  same  time  a  vascular  plesus  is  formed 
in  the  pia  mater  above  it.  On  the  accomplishment  of  these  changes 
it  is  known  as  the  tela  choroidea  of  the  third  ventricle. 

In  the  roof  of  the  third  ventricle  behind  the  pineal  gland  there 
appear  in  Eiasniohranchii,  the  Sauropsida  and  Mammalia  transverse 
commissural  fibres,  forming  a  structure  known  as  the  posterior  com- 
missure, which  connects  together  the  two  optic  thalanii. 

The  most  remarkable  organ  in  the  roof  of  the  thalamencephalon  is 
the  pineal  gland,  which  is  developed  in  most  Vertebrates  aa  a  simple 
papilliform  outgrowth  of  the  roof,  and  is  at  first  composed  of  cells 
similar  to  those  of  the  other  parts  of  the  central  nervous  system  (figs. 
250,  252,  254  and  255  pn  or  pin).  In  the  lower  Vertehrata  it  is 
directed  forwards,  but  in  Mammalia,  and  to  some  extent  in  Aves,  it 
is  directed  backwards. 

In  Amphibia  it  ia  described  by  Giitte  (No.  296)  aa  Wing  a  product  of 
the  point  where  the  roof  of  the  l>ruin  reniainH  IntasC  attached  to  the  external 

The  figure  which  Gotte  glvrta  to  prove  this  does  not  appear  to  me  fully 
to  bear  out  his  conclusion;  which  if  true  is  very  important  Although 
I  directed  my  attention  specially  to  this  point,  I  could  find  no  indication 
in  Elasmobranchii  of  a  process  similar  to  that  described  by  Gotte,  and  bis 
obeervations  have  not  as  yet  been  confirmed  for  other  Vertebrates.  Giitte 
compares  the  pineal  gland  to  the  long-persisting  pore  which  leads  into  the 
cavity  of  the  bruin  in  t!ie  embryo  of  Amphioxus,  and  we  might  add  the 
Ascidions,  and,  should  his  facts  be  confirmed,  the  conclusion  he  draws  from 
them  would  appear  to  be  well  founded. 

The  later  stages  in  the  development  of  the  pineal  gland  in  diEFerent 
Vertebrates  have  not  in  all  cases  been  fully  worked  out*. 

In  Elasmobranchii  the  pineal  gland  becomes  in  time  very  long, 
and  extends  far  forwards  over  the  roof  of  the  cerebral  hemispheres 
(fig.  254  pn).  Its  distal  extremity  dilates  somewhat,  and  in  the 
adult  the  whole  organ  forms  [Ehlers,  No.  337)  an  elongated  tube, 
enlarged  at  its  free  extremity,  and  opening  at  its  base  into  the  brain. 
The  eulai^ed  extremity  may  either  be  lodged  in   a  cavity  in   the 

'  For  a  foil  acoonnt  of  this  )mbj«ct  eidr  Ehlers  (No.  S37). 
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cartilage  of  the  cranium  (Acanthias),  or  be  placed  out»iiIe  tie 
cranium  (Raja). 

In  PetromyzoD  its  form  is  very  different.  It  ari.ses  (fig,  253  pn) 
aa  a  sack-like  diverticulum  of  the  thalameucepbaloD  extending  at 
first  both  backwards  and  forwards.  In  the  Ammoccete  the  walls  of 
this  sack  are  deeply  infolded. 

The  embryonic  form  of  the  pineal  gfand  in  Amphibia  is  very  much 
like   that  which   remains  permanent  in  Elasmobrancbii ;    the  stalk 
connecting  the  enlarged  terminal  portion  with  the  brain  soon  however 
becomes  solid  and  very 
thin  except  at  its  prox- 
imal extremity.     The 
enlarged  portion  also 
becomes  solid,  and  is 
placed    in    the   adult 
externally  to  the  skull, 
where  it  forms  a  mass 
originally  described  by 
Stieda  as  the  cerebral 
gland. 

In  Birds  the  primi- 
tive outgrowth  to  form 
the  pineal  gland  be- 
comes, according  to 
Mihalkovics,  deeply 
indented  by  vasculnr 
connective  tissue  in- 
growths, so  that  it 
assumes  a  dendritic 
structure  (fig.  250 pin). 

The  proximal  ex- 
tremity attached  to  the 
roof  of  the  thalamen- 
cephalun  forms  a  spe- 
cial section,  known  as 
the  infra-pineal  pro- 
cess. The  central  lu- 
men of  the  free  part 
of  the  gland  finally 
atrophies,  but  the 
branches  still  remain 

hollow.  The  infm-pineni  process  becomes  reduced  to  a  narrow  stalk, 
connecting  the  branched  portion  of  the  body  with  the  brain.  The 
branciied  terminal  portion  and  the  stalk  obviously  correspond  with 
the  vesicle  and  distal  part  of  the  stalk  of  the  types  already  described. 
In  Mammalia  the  development  of  the  pineal  gland  is,  according  to 
Mihalkovics,  generally  similar  to  that  of  Birds.  The  original  out- 
growth becomes  branched,  but  the  follicles  or  lobes   to  which   the 


V        '}^ 


F:o.  %ih.     LoNoiTUDiKAi.  v: 


(AftoTHihalkoTics.) 
The  Bectinn  [MigEeii  throu^li  the  median  line  m  that 
the  cerebral  heiuispheren  are  not  out ;  their  position  ie 
however  indicated  in  outline. 

ijjl.  neptum  lucidum  formed  by  the  coalescence  of 
the  inner  v&lls  of  part  of  the  cerebral  heminpheres ; 
ma.  anterior  commissare ;  /n*.  vertical  pillare  of  the 
fornix ;  ca\.  genn  of  rorpiie  cnllosuni;  Irm.  lamina  ter- 
miiialia;  hmt.  ctrebraJ  hemispheres;  nif.  olfactory  lobes; 
oc(.  artery  of  corpne  calloaum ;  fna.  pomtion  of  foramen 
of  Munro;  thA  j.  choroid  plexas  of  third  ventricle;  fU. 
pineal  gland;  cntp.  posterior  conunisnnre ;  igm.  lamina 
uniting  the  loben  ol  the  mid-brain;  rftin.  optio  chiasma; 
fipA.  pituitary  body:  inf.  infundibnlam;  pru.  pons  Va- 
rolii; piif.  cerebral  pediiaolea ;  agd.  iter. 
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brauchiDg  gtveB  rise  eventually  become  solid  (fig.  255  pin).  An  iufra- 
pineal  process  is  developed  comparatively  late,  aod  is  Dot  sharply 
separated  from  the  roof  of  the  brain. 

No  satisfactory  suggestions  liave  yet  been  offered  as  to  the  nature 
of  the  pineal  gland,  iiuleas  the  view  of  Qotte  be  regarded  as  such.  It 
appears  to  possess  iu  all  forms  an  epithelial  structure,  but,  except  at 
the  base  of  the  stalk  (infra-pineal  process)  in  Mammalia,  in  the  wall 
of  which  there  are  nerve-fibres,  no  nervous  structures  are  present  in 
it  in  the  adult  state. 

The  pituitary  body.  Although  the  pituitary  body  ia  not  properly 
a  nervous  structure,  yet  from  its  intimate  connection  with  the  brain  it 
will  be  convenient  to  describe  its  development  here.  The  pituitary 
body  is  in  fact  an  organ  derived  from  the  epiblast  of  the  stomodaeum. 
Tbb  fact  has  been  demonstrated  for  Mammalia,  Aves,  Amphibia  and 
Elaamobranchii,and  may  be  accepted  as  holding  good  for  all  the  Crani- 
ata'.  The  epiblast  in  the  angle  formed  hythe  cranial  fiexure  becomes 
involuted  to  form  the  cavity  of  the  mouth.  This  cavity  is  bordered 
on  its  posterior  surface  by  the  front  wall  of  the  alimentary  tract,  and 
on  its  anterior  by  the  base  of  the  fore-brain.  Its  uppermost  end 
does  not  at  first  become  markedly  constricted  off  from  the  remainder, 
but  is  nevertheless  the  rudiment  of  the  pituitary  body. 

Fig.  25G  represents  a  transverse  section  through  the  head  of  an 
Etasmobranch  embryo,  in  which,  owing  to  the  cranial  flexure,  the  fore 
part  of  the  head  is  cut  longitudinally  and  horizontally,  and  the 
section  passes  through  both  the  fore-brain  {fb)  and  the  hind-brain. 
Close  to  the  base  of  the  fore-brain  are  seen  the  mouth  (m),  and  the 
pituitary  involution  from  this  {pt).  In  contact  with  the  pituitary 
involution  is  the  blind  anterior  termination  of  the  throat  (a/)  which  a 
little  way  back  opens  to  the  exterior  by  the  first  visceral  cleft  (l  v.c). 
This  figure  alone  suflices  to  demonstrate  the  correctness  of  the 
above  account  of  the  pituitary  body ;  but  its  truth  is  still  further 
confirmed  by  fig.  252 ;  in  which  the  mouth  invohition  {pt)  is  in 
contact  with,  but  still  separated  from,  the  front  end  of  the  alimentary 
tract.  Very  shortly  aft«r  the  septum  between  the  mouth  and  throat 
becomes  pierced,  and  the  two  are  placed  in  communication,  the 
pituitary  involution  becomes  very  partially  constricted  oflf  from  the 
mouth  involution,  though  stiti  in  direct  communication  with  it.  In 
later  stagos  the  pituitary  involution  becomes  longer  and  is  dilated 
terminally;  while  the  pa-isage  connecting  it  with  the  mouth  becomes 
narrower  and  narrower,  and  is  finally  reduced  to  a  solid  cord,  which 
in  its  turn  disappears. 

Before  the  connection  between  the  pituitary  vesicle  and  the  mouth 

'  Scott  states  that  ia  the  larva  of  Petromyzon  the  pituitary  body  is  derived  &'um 
the  walls  of  tlie  nasal  pit;  Quart.  J.  of  Micr.  Science,  Vol.  xxi.  p.  760.  I  h«Te  not  ' 
myself  completely  followed  its  development  Id  Petromyzoli,  bat  I  have  obswved  a 
sUght  diverticulum  of  the  stomodffium  which  I  believe  gives  origin  to  it.  Faller  details 
are  ID  any  case  reqaired  before  we  can  admit  so  great  a  diverRence  from  the  uonnal 
development  as  is  indioated  by  Scott's  statementn. 
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is  obliterated  the  cartilagiiiouH  cranium  becomes  developed,  and  tt 
may  then  be  seoo  that  the  iufundibulum  projects  through  the  pitui- 
tary space  to  come  into  close  juxtaposition  with  the  pituitary  body. 

After  the  pituitary  vesicle  has  lost  its  connection  witli  the  mouth 
it  lies  just  in  front  of  the  infundibuluni  (tigs.  2oO  and  255  hpk  aud 
fig.  254  ^>i);  and  soon  becomes  sur- 
rounded by  vascular  meaoblast,  winch 
grows  iu  and  divides  it  into  a  number 
of  braiichiiig  tubes.  In  many  forms 
the  cavity  of  the  vesicle  completely 
disappears,  and  the  branches  become 
for  the  most  part  solid  [Cyclostomata 
and  some  Alammalia  (the  rabbit), 
Eiasmobranchii,  Teleostei  and  Am- 
phibia]. In  Replilia,  Aves  and  most 
Mammalia  the  lumen  of  the  organ  is 
more  or  less  retained  (W.  Muller,  No. 
344)- 

Although  in  the  majority  of  the 
Vertebrata  there  is  a  close  connection 
between  the  pituitaiy  body  and  the 
iufundibnhim,  there  is  no  actual  fusion 
between  the  two.  In  Mammalia  the 
case  is  ditferent.  The  part  of  the  iu- 
fundibnlum  which  lies  at  the  hinder 
end  of  the  pituitary  body  is  at  first  a 
simple  finger-hke  process  of  the  brain 
(fig.  255  inf),  but  its  end  becomes 
swollen,  and  the  lumen  in  this  part 
becomes  obliterated.  Its  cells,  origi- 
nally similar  to  those  of  the  other 
parts  of  the  nervous  system  and  even 
(Kolliker)  coutainiug  ditfereutiated 
nerve-fibres,  partly  atrophy,  and  partly 
assume  an  iuditferent  form,  while  at 
the  same  time  there  grow  iu  amongst 
them  numerous  vascular  and  connec- 
tive-tissue elements.  The  process  of  the  infundibuluni  thus  meta- 
morphosed becomes  inseparably  connected  with  the  true  pituitary 
biKly,  of  whicli  it  is  usually  described  as  the  posterior  lobe.  The 
part  of  tlie  infundibulum  which  undergoes  this  change  is  very  pro- 
bably homolc^us  with  the  saccua  vasculosua  of  Fishes. 

The  true  nature  of  the  pituitary  body  has  not  yet  been  made  out.  It  iu 
clearly  a  mdimentaiy  organ  in.  existing  craniate  Vertebrates,  and  ita 
development  indicates  that  when  functional  it  was  pmbably  a  sense  organ 
ojiening  into  the  mouth,  its  blind  end  reaching  to  th«  base  of  the  hmin.  No 
similar  orgHn  has  as  yet  been  found  in  Amphioxus,  but  it  saems  {lo^vible 
|M.-rhi>[iN  to  identify  it  witli  the  pccidiai-  ciliated  SHck  placed  at  thf<  o|ieiiing 


Fm.    256.     Tranhtersk   bel-tiok 

The  section,  owing  to  the  crtinini 
fleiare.  cuts  both  the  fore-  (md  the 
hind-brain.  It  Bhewa  the  pieiDBa- 
(iibular  and  mandibular  head  cavitieH 
Ipp  and  2pp,  etc.  The  section  in 
moreover  eomenhat  oblique  from  pide 

fb.  fore-brain  ;  I.  lens  of  eye  ;  ni. 
month  i  pt.  upper  end  of  mouth, 
forming  pituitary  involution ;  Inc. 
mandibular  aortic  arch ;  \pp.  and 
2pp.  first  and  second  head  cavities  ; 
Iff.  firfit  visceral  deft;  V.  fifth 
neive ;  nun.  auditory  nerve:  YII, 
seventh  necve;  aa.  roots  of  doTsal 
aorta;  acr.  anterior  cnrdinal  vein; 
rh.  nnlochord. 
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of  the  pharynx  in  the  Tttnicata,  tbc  development  of  which  was  i]eBcri)>ed 
at  p.  15.  If  the  suggeBtion  ia  correct,  the  division  of  the  body  into  lobes 
in  existing  Yertebrata  must  be  regarded  as  a  step  towards  a  retrogressive 
iiifitfimo  fphoBiB. 

Another  posuble  view  is  to  regard  the  pituitary  body  as  a  ^andnlar 
stiiicture  which  originally  opened  into  the  month  in  the  lower  Ohord&ta, 
bnt  which  has  in  all  existing  forms  ceased  to  be  functional.  The  intimate 
relation  of  the  organ  to  the  brain  appears  to  me  opposed  to  this  view  of 
its  nature,  while  on  the  other  hand  its  permanent  sti'ucture  is  more  easily 
explained  on  this  view  than  on  that  previously  stated.  In  the  Ascidians 
a  glandular  organ  has  been  described  by  Lncaze  Duthiers'  in  juxtaposition 
to  the  ciliated  sack,  and  it  is  possible  that  this  organ  as  weU  as  the 
ciliated  sack  may  be  related  to  the  pituitary  body,  in  view  of  this  pos- 
sibility further  investigations  ought  to  be  carried  out  in  order  to  determine 
whether  the  whole  pituitary  body  is  derived  from  the  oral  involution,  or 
whether  there  may  not  be  a  nervous  port  and  a  glandular  part  of  the  organ. 

The  Cerebral  Hemispheres.  It  will  be  convenient  to  treat  sepa- 
raXeXj  the  development  of  the  cerebral  bemispherea  proper,  and  that 
of  the  olfactory  lobes. 

Although  the  cerebral  hemispheres  vaiy  more  than  any  other  part 
of  the  braiii,  they  are  nevertheleea  developed  from  the  unpaired 
certfbral  rudiment  in  a  nearly  similar  manner  throughout  the  series 
of  Vertebrata. 

In  the  cerebral  rudiment  two  parti  may  be  distinguished,  viz,  the 
floor  and  the  roof.  The  former  gives  rise  to  the  ganglia  at  the  base  of 
the  hemispheres — centra  striata,  etc. — the  latter  to  the  hemispheres 
proper. 

The  first  change  which  takes  place  consists  in  the  roof  growing 
out  into  two  lobes,  between  which  a  shallow  median  constriction  makes 
its  appearance  (f^.  257).     The  two  lobes  thus  formed  are  the  rudi- 
ments of  the  two  hemispheres. 
^^  The  cavity  of  each  of  them  opens 

/y  by  a  widish  aperture  into  the 
vestibule  at  the  base  of  the 
cerebral  rudiment,  which  f^in 
opens  directly  into  the  cavity  of 
the  third  Tentricle  (3  v).  The 
Y-shaped  aperture  thus  formed, 
which  leads  from  the  cerebral 
hemispheres  into  the  third  ven- 
tricle, is  the  foramen  of  Munro. 
The  cavity  (Iv)  in  each  of  the 
rudimentary  hemispheres  is  a 
lateral  ventricle.  The  part  of 
,.,         .,         ,  thecerebrum  which  lies  between 

S.ii.  third  ventnole;  Iv.  Iftteral  vantrjcle;      ,t ,        i ■,„!  „_„„     „j 

tt.  lamins  tenmnalis;  «.  oerebral  herai:  ^^"^  two  hemispheres,  and  passes 
sphere ;  op.th.  optio  tholsmus.  forwards  trom  the  rool  of  the 

'  "Lei AeoidieBgimplesdesCdtesdeFniiice."  Archives rUBiologUtxpir.etgHUralt, 
Vol.  III.  1^74,  p.  829. 
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third  veotricle  round  the  end  of  the  brain  to  the  optic  chinsma,  is  the 
rudiment  of  the  lamina  terminalis  (figs.  257  It  and  255  trm).  Up  to 
this  point  the  development  of  the  cerebrum  is  similar  in  all  Verte- 
brata,  but  in  some  forms  it  practicaily  does  not  proceed  much  further. 

In  Elasmobranchii,  although  the  cerebruia  reaches  a  considerable 
sise  (fig.  254  cer),  and  grows  some  way  backwards  over  the  thalamea- 
cephalon,  yet  it  is  not  in  many  forma  divided  into  two  distinct  lobes, 
but  its  paired  nature  is  only  marked  by  a  shallow  constriction  on  the 
surface.  The  lamina  terminalis  in  the  later  stages  of  development 
grows  backwards  aa  a  thick  median  septum  which  completely  separates 
the  two  lateral  veutriclea'  (fig.  263). 

There  are,  it  may  be  mentioned,  considerable  variations  in  the 
structure  of  the  cerebrum  in  Elasmobranchii  into  which  it  ia  not 
however  within  the  scope  of  this  work  to  enter. 

In  the  Teleostei  the  vesicles  of  the  cerebral  hemispheres  appear  at 
first  to  have  a  wide  lumen,  but  it  subsequently  becomes  almost  or 
quite  obliterated,  and  the  cerebral  rudiment  forms  a  small  bilobed 
nearly  solid  body.  In  Petromyzon  (fig.  253  ch)  the  cerebral  rudiment 
is  at  first  an  unpaired  anterior  vesicle,  which  subsequently  becomes 
bilobed  in  the  normal  manner.  The  walls  of  the  hemispheres  become 
much  thickened,  but  the  lateral  ventricles  persist. 

In  all  the  higher  Vertebrates  the  division  of  the  cerebral  rudiment 
into  two  distinct  hemispheres  is  quite  complete,  and  with  the  deep- 
ening of  the  furrow  between  the  two  hemispheres  the  lamina  terminalis 
ia  carried  backwards  till  it  forms  a  thin  layer  bounding  the  third 
ventricle  anteriorly,  while  the  lateral  ventriclea  open  directly  into 
the  third  ventricle. 

In  Amphibiana  the  two  hemispheres  become  united  together 
immediately  in  front  of  the  Iflmina  terminalis  by  commissural  fibres, 
forming  the  anterior  commissure.  They  also  send  out  anteriorly  two 
solid  prolongations,  usually  spoken  of  as  the  olfactory  lobes,  which 
subsequently  fuse  tt^ether. 

In  all  Reptilia  and  Aves  there  ia  formed  an  anterior  commissure, 
and  in  the  higher  members  of  the  group,  especially  Aves  (fig.  250), 
the  hemispheres  may  obtain  a  considerable  development.  Their  outer 
walla  are  ranch  thickened,  while  their  inner  walla  become  very  thin ; 
and  a  well-developed  ganglionic  mass,  equivalent  to  the  corpus 
striatum,  is  formed  at  their  base. 

The  cerebral  hemispheres  undergo  in  Mammalia  the  most  com- 
plicated development.  The  primitive  unpaired  cerebral  rudiment 
becomes,  as  in  lower  Vertebrates,  bilobed,  and  at  the  same  time 
divided  by  the  ingrowth  of  a  septum  of  connective  tissue  into  two 
distinct  hemispheres  (figs.  2C0  and  261  /  and  258  i).  From  this 
septum  is  formed  the  falx  cerebri  and  other  parts. 

1  A  comparison  of  the  mode  ol  development  at  this  acptom  with  that  of  the  neptum 
Ittoidum  with  il8  oontained  DommiraareB  in  Mammalia  clearlj  shews  that  the  two 
structutes  are  not  honwlogoue,  and  that  Uiklocho-Moolaj  is  in  error  in  attempting  to 
treat  them  m  being  hi. 
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The  hemispheres  contain  at  fi^t  very  large  cavities,  comtnnnicatiiig 
by  a  wide   foramen   of  Muoro 
J,  j_  with   the    third    ventricle   (fig. 

260).  Theygrow  rapidly  in  size, 
and  e:Lteai\,especiall!fbacka'ards, 
'  ''  and  gradually  cover  the  thala- 

''  mencephalon  and  the  mid-brain 

J  ,„       (fig.  258  1,/).     The  foramen  of 

'■■•  Munro  becomes  very  much  nar- 

rowed and  reduced   to  a  mere 
slit. 

The    walls     are     originally 

nearly  uniformly  thick,  but  the 

floor  becomes  thickened  on  eacli 

side,  and  gives  rise  to -the  corpus 

partofoutwaUohhe     striatum  (figs.  260  and  261  st). 

■"■  '*"■  "Pjl^     The    corpus    striatum    projects 


Fia.  256.    Bkuh 


liker.) 

1.  From  above  with  the  dorsal  part  of 
bemiBphercB  and   aiiJ-bTaia    Temoved 
From  below.  /. 
hemisphere;  / 

thalamnn;     eil.   cor)>uH  atriatniu;   lu.  ufiuu  ,    ■.  ,     ,        *  ,  " 

tnet:    cm.  corpora  mamiaillaria;  p.  pons      Upwards  into  each   lateral  Vcu- 
Varolii.  tricle,  giving  to  it  a  somewhat 

semilunar  form,  the  two  horns 
of  which  constitute  the  permanent  anterior  and  descending  coruua 
of  the  lateral  ventricles  (fig.  262  st). 

Witli  the  further  growth  of  the  hemisphere  the  corpus  striatum 


CENTiHETBEH.     (Aftei  MihalkoTlcH.) 

The  HectioD  paiites  through  nearly  the  itoBterior  border  of  the  aeptam  lacidnm, 
immediately  in  front  of  the  foramen  of  Munro. 

hmi,  cerebral  hemiapheres;  cal.  corpaa  calloeum;  amm,  oomu  ammoiuB  (hippo- 
campus major):  cmt.  superior  commisanre  of  the  cornua  animonis;  tpt,  Beptum 
lucidnm;  fFx2.  vertical  fibres  of  the  fornix;  cnta.  anterior  eommisBtire;  (m.  lamina 
terminaliii:  ttr.  corpus  atiiatum:  Uf,  imcUuB  lenticalaris  of  corpuH  Btriatum;  r(r  I. 
lateral  vcntticlr:  rlrS,  third  ventricle:  ipl.  Hlit  betircen  cerebral  hcmiaphcrce. 
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liwes  its  primitive  relations  to  the  descending  comu.  The  reduction 
in  size  ot  the  foramen  of  Uunro  above  mentioned  is,  to  a  large  extent, 
caused  by  the  growth  of  the  corpora  striata. 

The  corpora  striata  are  united  at  their  posterior  border  with  the 
optic  thalami.  In  the  later  st^es  of  development  the  area  of 
contact  between  these  two  pairs  of  ganglia  increases  to  an  immense 
extent  (fig.  261),  and  the  boundary  between  them  becomes  somewhat 
obscure,  so  that  the  sharp  distinction  which  exists  in  the  embryo 
between  the  thalamencephalon  and  cerebral  hemispheres  becomes 
lost.  This  change  is  usually  (Mihalkovics,  KoUiker)  attributed  to 
a  fusion  between  the  corpoia  striata  and  optic  thalami,  but  it  has 
recently  been  attributed  by  Schwalbe  {No.  349),  with  more  proba- 
bility, to  a  growth  of  the  original  surface  of  contact,  and  an  accom- 
panying change  in  the  relations  of  the  parts. 

The  outer  wail  of  the  hemispheres  gradually  thickens,  while  the 
inner  wall  becomes  thinner.  In  the  latter,  two  curved  folds,  projecting 
towards  the  interior  of  the  lateral  ventricle,  become  foimed.  These 
folds  extend  from  the  foramen  of  Munro  along  nearly  the  whole  of 
what  afterwards  becomes  the  descending  cornu  of  the  lateral  ventricle. 

The  upper  fold  becomes  the  hippocampus  major  (cornu  ammonia) 
(figs.  259  ainm,  260  and  2f>l  h,  and  262  avi).     When  the  ruditnent 


FlO,  260.       TbAKSVEBSE    SECTICIN    TBROrOH   TUK    PRATS   OF    k    BHEEv'h    KMBBT'I 

or  2-7  CM.  IS  LKsoTH.  (Prom  KdUiker.) 
The  seclioD  paBsea  tbrongh  the  level  of  the  foiamen  of  Munro. 
((.  eorpna  atriatnm ;  m.  (oTsmen  of  Mnnro:  (.  third  ventricle ;  pf.  choroid  pIpinK 
of  lateral  venlricle;  /.  falx  cerebri;  th.  anterior  part  ot  optic  tbalamna;  elk.  optic 
chiaBma;  0,  optic  nerve;  i^,  fibres  of  the  cerebral  pedancles;  h.  cornn  anunonis; 
p.  pbarynt;  ta,  pre-npbenoidbone;  a.  orbito-npbenoid  bone;  ■.  poiata  to  part  of  the 
roof  of  the  brain  at  the  jnnction  between  the  roof  of  the  thiwl  ventricle  and  the 
lamina  torminaliH ;  I.  lateral  veiitFicle. 
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of  the  descending  cornu   has   become    tr&nernrmed  into  a  simple 


FlU.  261.       ThjINBVERBB    HBCTION    THRUrOU    THB    BtUIH    OF   A   SHEEP's   EUBBYO 

OF  2'7  CM.  IS  j-BNiiTH,     (From  Kftlliker.) 

Tbe  aectioD  ia  taken  a  sliort  dietsDce  behiad  the  section  represented  in  fig.  260, 
and  pnEses  through  the  posterioc  part  of  the  hemispheres  and  thf  tbitd  Tentricle. 

it.  corpui  Btrialnm;  Oi.  optic  thalamun;  la.  optio  tract;  (.  third  ventricle;  d.  roof 
of  third  ventricle;  r.  fibres  of  cerebral  peduncles;  c'.  diverReoce  of  these  fibres  into  tho 
walla  of  the  liemispheres ;  t.  lateral  ventricle  with  choroid  pleiua  pi;  h.  comn  am- 
monis;  /,  primilive  (ali;  nm.  aliapheooid;  a.  otblto-aphenoid ;  ta.  piesphenoid;  p. 
pharfai;  mk.  Meckel's  cartUage. 

process  of  the  lateral  ventricle  the  hippocampus  major  form8  a 
prominence  upon  its  floor. 

The  wall  of  the  lower  fold  becomes  very  thin,  and  a  vascular 
plexns,  derived  from  the  connective-tissue  septum  between  Ihe  hemi- 
spheres, and  similar  to  that  of  the  roof  of  tbe  third  ventricle,  is  formed 
outside  it.  It  constitutes  a  fold  projecting  far  iuto  the  cavity  of  the 
lateral  ventricle,  and  togetlier  wilh  the  vascular  connective  tissue  in 
it  gives  rise  to  the  choroid  plexus  of  the  lateral  ventricle  (figs.  260 
and  261  pi). 

It  is  clear  from  the  above  description  that  a  marginal  fissure 
leading  into  the  cavity  of  the  lateral  ventricle  does  not  exii^t  in  the 
sense  often  implied  in  works  on  human  anatomy,  in  that  the  epi- 
thelium covering  the  choroid  plexus,  which  forms  the  true  wall  of  the 
brain,  is  a  continuous  membrane.  The  epithelium  of  the  choroid 
plexus  of  the  lateral  ventricle  is  quite  independent  of  that  of  the 
choroid  plexus  of  the  third  ventricle,  though  at  the  foramen  of  Munro 
tbe  roof  of  the  third  ventricle  is  of  course  continuous  with  tlie  inner 
wall  of  the  lateral  ventricle  (fig.  2G0  s).  The  vasc^dar  elewente  of 
the  two  plexuses  form  however  a  continuous  structure. 
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The  most  cbaracteriatic  parts  of  the  Mammalian  cerebrum  are 
the  commiNsures  connecting  the  two  hemispheres.  These  commissures 
are  (1)  the  acterior  commissure,  (2)  the  fornix,  and  (3)  the  corpus 
calloflum,  the  two  latter  being  peculiar  to  Mammalia. 

By  the  fusion  of  the  inner  walls  of  the  hemispheres  in  front  of 
the  lamina  terminalis  a  solid  septum  is  formed,  known  as  the  septum 
lucidum,  contiauuuH  behind  with  the  lamina  terminalis,  and  below 
with  the  corpora  striata  (figs,  255  and  259  spt).  It  is  by  a  series  of 
diSerentiations  within  this  septum  that  the  above  commissures 
originate.  In  Man  there  is  a  closed  cavity  left  in  the  septum 
known  as  the  fifth  ventricle,  which  has  however  no  communication 
with  the  true  ventricles  of  the  brain. 

In  the  septum   lucidum  there  become   first  formed,  below,  the 
transverse  fibres  of  tlie  antenor 
commissure  (fig.  25o  and  fig. 
259   cma),  and   in   the   upper 
part  the  vertical  fibres  of  the 
fornix  (fig.   255   and   fig.    259       ^ 
frx  2).      The    vertical    fibres 
meet   above    the    foramen    of     "^^ 
Munro,    and    thence    diverge 
backwards,    as    the     posterior 
ptUare,  to  lose   themselves  in 
the   comu   ammonis  (fig.  259 

avim).   Ventrally  they  are  con-         P">-  ^^62.     Lateeal  view  oj-  the  ebxin 
'■  ,,      ■',        -'    J-  0^  A  CAU  EMBBYo  OF  o  CM.      (After  Mihul- 

tinued,  as  the  descendmg  or  ^ance.) 

anterior  pillars  of  the  fornix.  tIw  onter  waU  of  the  hemiBphere  in  re- 

into    the    corpus  albicans,  and  moved,  so  aa  to  give  a  view  ot  the  interior  of 

thence  into  the  optic  tlialami.  *« '«"  ■>'«">  ventricle. 

The  corpus  callosum  is  not  ,  .'"„  ""»  '"iLl.^^^^^'  fll  ™?°' 

-           J      .,,r                                  .  BinBinm :  am. nippouBinpoB  major  (corou am- 

lOrmed    till   after   tlie   antenor  moniB);  i.  choroid  plein*  of  lateral  ventricle; 

commissure     and     fornix.        It  M-  foramen  of  Munro;   0!g.  optio  tract;   in, 

arises  in-  the  upper  part  of  the     V'^'^^^T/,"*;^''-^?^;  ""■  ''^"'^'^"^ ' 
V  1-jn^^    ™  ~   ^     IV.V.  TOol  o(  tonrth  ventricle;  p>.  pona  Va- 

region  (septum  lucidum)formed      rolii,  doae  to  which  Ib  the  fifth  nerve  with 
by    the    fusion    of  the    lateral     GasBerian  ganglion, 
walls  of  the  hemispheres  (figs. 

255  and  259  cat),  and  at  first  only  its  curved  anterior  portion — 
the  genu  or  rostrum — is  developed.  This  portion  is  alone  found  in 
Monotremes  and  Marsupials.  The  posterior  portion,  which  is  present 
in  all  the  Monodelphia,  is  gradually  formed  as  the  hemispheres  are 
prolonged  fiirther  backwards. 

Primitively  the  Mammalian  cerebrum,  like  that  of  the  lower 
Vertebrata,  is  quite  smooth.  In  many  of  the  Mammalia,  Monotre- 
mata,  Irtsectivora,  etc.,  this  condition  is  nearly  retained  through  life, 
while  in  the  majority  of  Mammalia  a  more  or  less  complicated  system 
of  fissures  is  developed  on  the  surface.  The  most  important,  and  first 
formed,  of  these  is  the  Sylvian  fissure.  It  arises  at  the  time  when 
the  hemispheres,  owing  to  their  gniwth  in  front  of  and  behind  the 
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corpora  striata,  have  assumed  a  Romewhat  bean-shaped  form.  At  the 
root  of  the  hemispheres 
■^— the  hilus  of  the  bean 
— there  is  formed  a  shal- 

*  low     depression,    which 

constitutes  the  first  trace 
of  the  Sylvian  fissure. 
The  part  of  the  brain 
lying  in  this  fissure  is 
known  as  the  island  of 
Reil 

The  olfoctory  lobea. 

The  olfactory   lol>es,   or 

rhinencepliala,  are  secon- 

'  dary  outgrowths  of  the 

F.Q.263.    SECTION  THBotaHTHKBBMs  ANuoL-     cerebral bemispheres,aDd 

FACTObT    OBOAN    OF    AH    EMEBSO    Of    SCVIJ.1UK,       (Modi-  ,  1  ■  p 

Aed  from  figareE  by  Maraliall  &nd  mjaelf.)  contain  prolongations  ot 

ch.  cerebral  hemisphereB:  ol.v.  oltactory  vedcle;  the  lateral  ventlicles, 
of/,  olfactoij  pit;  ScK  Soiineicierian  foida;  /.  oifao-  but  may  however  be 
torynerre.    The  reference  Une  has  been  ftccidentally  ,■.    ■      .1  .    ,,     .    . 

Uken  throDRh  the  nerve  to  the  brain;  pn.  anterior     "^"Q   '"  „       ,     ,; 

prolongation  of  pineal  gland.  According    to     Marshall 

they  develop  in  Birds 
and  Elasmobranchs  and  presumahly  other  forms  hiter  than  the  ol- 
factory nerve's,  so  that  the  olfactory  region  of  the  hemispheres  is 
indicated  before  the  appearance  of  the  olfactory  lobes. 

In  most  Vertebrates  the  olfactory  lobes  arise  at  a  fairly  early 
stage  of  development  from  the  under  and  anterior  pait  of  the  hemi- 
spheres (fig.  260  olf).  In  Elasmobranchs  they  arise,  not  from  the 
base,  but  from  the  lateral  parts  of  the  brain  (fig.  2G3j,  and  become 
subsequently  divided  into  a  bulbous  portion  and  a  stalk.  They  vary 
considerably  in  their  structure  in  the  adult. 

In  Amphibia  the  solid  anterior  prolongations  of  the  cerebral  hemi- 
spheres already  spoken  of  are  usually  regarded  as  the  olfactory  lobes, 
but  according  to  Gotte,  whose  view  appears  to  me  well  founded,  small 
papillie,  situated  at  the  base  of  these  prolongations,  from  which  olfac- 
tory nerves  spring,  and  which  contain  a  process  of  the  lateral  ventricle, 
should  properly  be  regarded  as  the  olfactory  lobes.  These  papillie 
arise  prior  to  the  solid  anterior  prolongations  of  the  hemispheres. 

In  Birds  the  olfactory  lobes  are  small.  In  the  chick  they  arife 
(Marshall)  on  the  seventh  day  of  incubation. 

General  conclusions  as  to  the  C'ntral  Kervous  System. 

It  has  been  shewn  above  that  both  the  brain  and  spinal  cord  are 
primitively  composed  of  a  uniform  wall  of  epithelial  cells,  and  that 
tbe  first  differentiation  results  in  the  formation  of  an  external  layer 
of  white  matter,  a  middle  layer  of  grey  matter  (ganglion  cells),  and 
an  inner  epithelial  layer.     This  primitive  histological  arrangement. 
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which  in  many  parts  <if  the  bniin  nt  any  rate,  is  only  to  be  observed 
in  the  early  developmental  stages,  has  a  simple  phylogenetic  explana- 
tion. 

As  baa  been  already  explained  in  an  earlier  part  of  this  chapter 
tbe  central  nervous  system  was  originally  a  differentiated  part  of  the 
superficial  epideruiia. 

This  differentiation  (as  may  be  concluded  from  the  character  of 
the  nervous  system  in  the  Ccelenterata  and  Ekihinodermata)  consisted 
in  the  conversion  of  the  inner  ends  of  the  epithelial  cells  into  nerve- 
fibres  ;  that  is  to  say,  that  the  first  differentiation  resulted  in  the 
formation  of  a  layer  of  white  matter  on  the  inner  side  of  the  epi- 
dermis. The  next  stage  was  the  separation  of  a  deeper  layer  of  the 
epidermis  as  a  layer  of  ganglion  cells  from  the  superficial  epithelial 
layer,  i.e.  the  formation  of  a  middle  layer  of  ganglion  cells  and  an 
outer  epithelial  layer.  Thus,  phylogenetically,  the  same  three  layers 
as  those  which  first  make  their  appearance  in  the  ont^ny  of  the 
vertebrate  nervous  system  became  successively  differentiated,  and  in 
both  cases  they  are  clearly  placed  in  the  same  positions,  because  the 
central  canal  of  the  vertebrate  nervous  system,  as  formed  by  an  in- 
volution, is  at  the  true  outer  surface,  and  the  external  part  of  the 
cord  is  at  the  true  inner  surface. 

It  is  probable  that  a  very  sharp  distinction  between  the  white 
and  grey  matter  is  a  feature  acquired  in  the  higher  Yertebrata,  since 
in  Amphioxus  there  is  no  such  sharp  separation ;  though  the  nerve- 
fibres  are  mainly  situated  externally  and  the  nerve-ceils  iuternally. 

As  already  stated  in  Chapter  xri.  the  primitive  division  of  the 
nervous  axis  was  probably  not  into  brain  and  spinal  con),  but  into 

(1)  a  fore-brain,  represenring  the  ganglion  of  the  prttoral  lobe,  and 

(2)  the  posterior  part  of  the  nervous  axis,  consisting  of  the  mid- 
and  hind-brains  and  the  spinal  cord.  This  view  of  the  division  of  the 
central  nervous  system  fits  in  fairly  satisfactorily  with  the  facts  of 
development.  The  fore-brain  is,  histologically,  more  distinct  from 
the  posterior  part  of  the  nervous  system  than  the  posterior  parts  are 
from  each  other;  the  front  end  of  the  nntochord  forms  the  boundary 
between  these  two  parta  of  the  central  nervous  system  {vide  fig.  253), 
ending  as  it  does  at  the  front  termination  of  the  floor  of  the  mid- 
brain, and  finally,  the  nerves  of  the  fore-brain  have  a  different  cha- 
racter to  those  of  the  mid-  and  hind-brain. 

This  primitive  division  of  the  centml  nervous  system  is  lost  in  all 
the  true  Vertebrata,  and  in  its  place  there  is  a  secondary  division — 
corresponding  with  the  secondary  vertebrate  head — into  a  brain  and 
spinal  cord.  The  brain,  as  it  is  estabUahed  in  these  forms,  is  again 
divided  into  a  fore-brain,  a  mid-brain  and  a  hind-brain.  The  lore- 
brain  is,  as  we  have  already  seen,  the  original  ganglion  of  the  prEcoral 
lobe.  The  mid-brain  appears  to  be  the  lobe,  or  ganglion,  of  the  third 
pair  of  nerves  (first  pair  of  segmental  nerves),  while  the  hind-brain  is 
a  more  complex  structure,  each  section  of  which  (perhaps  indicated 
by  the  constrictions  which  often  appear  at  an  early  stage  of  develop- 
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ment)  giving  rise  to  s  pair  of  segmental  nerves  is,  roughly  speaking, 
homologous  with  the  whole  mid-brain. 

The  type  of  (lifferen  tint  ion  of  each  of  tlie  primitively  simple 
vesicles  forming  the  fore-,  the  mid-  and  the  hind-brains  is  very 
uniform  throughout  the  Vertebrate  series,  but  it  is  highly  instructive 
to  notice  the  great  variations  in  the  relative  importance  of  the  parts  of 
the  brain  in  the  different  types.  This  is  especially  striking  in  the  case 
of  the  fore-brain,  where  the  cerebral  hemispheres,  which  on  embryo- 
logical  grounds  we  may  conclude  to  have  been  hardly  dififerentiated 
as  distinct  parts  of  the  fore-brain  in  the  most  primitive  types  now 
extinct,  gradually  become  more  and  more  prominent,  till  in  the  highest 
Mammalia  they  constitute  a  more  important  section  of  the  brain  than 
the  whole  of  the  remaining  parts  put  together. 

The  little  that  is  known  with  reference  to  the  significance  of  the 
more  •  or  less  corresponding  outgrowths  of  the  floor  and  roof  of  the 
thalamencephalon,  constituting  the  infundibulum  and  pineal  gland, 
has  already  been  mentioned  in  connection  with  the  development  of 
these  parts. 
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The  development  of  the  Cranial  akd  Spinal  Neeves'. 

All  the  nerves  are  outgrowths  of  the  central  nervous  system, 
but  the  tUfferencea  in  development  between  the  cranial  and  spinal 
nerves  ore  sufficiently  great  to  niake  it  convenient  to  treat  them 
separately. 

Spmal  lUrreB.  The  posterior  roots  of  the  apinal  nerves,  as  well 
as  certain  of  the  cranial  nerves,  arise  in  the  same  manner,  and  from 
the  saine  structure,  and  are  formed  considerably  before  the  anterior 
roots.  Elasroobranch  fishes  may  be  taken  as  the  type  to  illustrate 
the  mode  of  formation  of  the  spinal  nerves. 

The  whole  of  the  nerves  in  question  arise  as  outgrowths  of  a 
median  ridge  of  cells,  which  makes  its  appearance  on  the  dorsal  side 
of  the  spinal  cord  (fig.  264  A,  pr).  This  ridge  has  been  called  by 
Marshall  the  neural  crest.  At  each  point,  where  a  pair  of  nerves 
will  be  formed,  two  pear-shaped  outgrowths  project  from  it,  one  on 
each  side;  and  apply  ukemselves  closely  to  the  w^s  of  the  spinal  cord 
(fig.  264  B,  pr).    These  outgrowths  are  the  rudiments  of  the  posterior 

'  Benuk  derived  the  posterioi  ganglia  from  the  tiuae  of  the  mesoblaBtio  Bomitea.wid 
lollowing  in  Bemak'H  etepa  most  aatbors  believed  the  peripheral  uervoas  ajHtem  to  have 
a  meaoblaatio  origin.  This  Tiew,  whiob  had  however  been  rejected  on  theoretical 
noiuidB  bj  Hansen  and  othera,  was  finally  attacked  on  the  gronnd  of  obserration  by 
His  (No.  197).  Eii  (Ko.  jij,  p.  158)  foond  that  in  the  Fowl  "the  spinal  ganglia  of  tlie 
head  and  trank  aroM  from  a  small  band  of  matter  whioh  ia  olaoed  between  the  me- 
dullary plate  andepiblaat,  and  the  material  of  whicli  he  called  the  'intermediate  cord'." 
He  ftuliieT  states  that :  "  Before  the  closare  of  the  meduilaiy  tube  this  hand  forma  a 
apeoial  groove — the  '  intermediate  groove  '^placed  cloee  to  the  border  of  the  medQliary 
fdate.  Ae  the  oloeure  of  the  mednJlar;  plate  into  a  tube  ie  compMed,  the  earlier  inter- 
mediate groove  becomes  a  compact  eord.  In  the  bead  of  the  embryo  a  longitodinal 
ridge  arises  in  this  way  .which  separates  the  suture  of  the  brain  from  that  of  the  epiblart. 
In  the  parts  of  the  ne<^  and  in  the  romaining  region  of  the  aeek  the  interaxediate  eord 
doee  not  lie  over  the  line  o(  jmiction  of  the  medullar;  tabe,  but  laterally  boa  thii  and 
forms  a  ridge,  triangular  in  section,  with  a  alight  indrawing."  This  intermediate  ridge 
gives  riae  lo  fonr  ganglia  in  Uie  head,  viz.  the  g.  trigemini,  g.  aconaticum,  g.  gloaao- 
i^iaryngei,  and  ^.  vagi,  and  in  the  trunk  to  the  spinal  ganglia.  In  both  caaee  it  unitee 
first  wiU)  the  spinal  cord. 

I  have  given  in  the  above  acoonnt,  as  (ar  as  poMible.  a  literal  translation  of  Hia'  own 
wocda,  beeaoM  the  reader  will  thna  be  enabled  fairly  to  appreciate  his  meaning. 

Snbssqnently  to  His'  memoir  (No.  197)  I  gave  an  aoeoimt  of  some  researches  of 
tny  own  en  this  sabject  (No.  jjt),  stating  the  whole  of  the  nerves  to  be  formed  as 
edlnlar  ont-growtba  of  the  apin^  eiord.  I  failed  fully  to  appreeJate  that  some  ot  the 
■tagea  I  spAe  of  had  been  tdready  aooorately  described  b^  His,  though  interpreted  by 
Um  very  dillBrently.  Marahall,  and  allerwarda  KOlliker,  arrived  at  results  in  the  main 
umilar  to  my  own,  and  Hensen,  independently  of  and  nearly  sunnllaneoDaly  with 
myself,  publi^rad  briefly  some  observations  on  the  nerves  of  Mammal,  in  harmony  with 
my  results. 

His  baa  sinae  worked  over  the  tubject  again  (No.  351),  and  hae  reaffirmed  as  a'  re- 
sult of  his  work  his  original  statements.  I  cannot,  however,  aooept  his  inteipretationa 
on  the  anbject,  and  mnat  refer  the  reader  who  is  anxious  to  study  them  more  fnUy,  to 
His'  own  paper. 


B.  E.  II.  24 
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Via.    261    B.      TiusBTERSE 


Fta.  265.    Tbbtkxil  LononoDiNii. 


OF  A  TOUVa  SCTLUtTM  EUBRTO. 

com.  oommiiRnre  nnicing  the  donal 
enda  of  the  posterior  nerre-roots : 
jw.  gBDglis  of  poateriot  rools;  ar.  an- 
•--'i  rooti;  <f.  iiegnieDtBl  tnbes ;  td. 

lentaldnct;  j).i>.  ep'" 

body  BKvitj  in  the 
fntnre  germinal  ridge. 


THIK  FIO.  28  C. 

nc.  neoTBl  canal;  pr.  pos- 
terior root  of  Bpinnl  nerre;  ;t. 
BQbnotochordal  rod;  ao.  Borta; 
K.  Bomatio  mesoblaet ;  ip. 
splanchnic  meaoblaat  ;  xp- 
nuBcle-pIate ;  nip',  portion  of 
muBOle  -  plate  converted  into 
muacle  ;  Vv.  portion  of  the 
vertebral  plate  which  «iU  giTc 
rise  to  the  vertebral  bodies;  al. 
alimentai;  tract. 

nerves,  Wliile  still  remaining  at- 
tached to  the  dorsal  summit  of  the 
neural  cord  they  grow  to  a  consider- 
able size  (6g.  264  B,  pr). 

The  attachment  to  the  dorsal 
summit  is  not  pennanent,  but  before 
describiiig  the  further  fate  of  the 
nerve -rudiments  it  is  necessary  to 
say  a  few  words  as  to  the  neural 
crest  At  the  period  when  the  nerves 
have  begun  to  shift  their  attachment 
to  the  spinal  cord,  there  makes  its 
appearance,  in  Elasmobranchii,  a 
longitudinal  commissure  connecting 
the  dorsal  ends  of  all  the  spinal 
nerves  (figs.  26o,  266  cofn),  as  well 
OS  those  of  the  vagns  and  glosso- 
pharyngeal  nerves.     This  i 


complete   form  in  Elasmobranchii ; 


3y  Google 


NERVOUS   SYSTEM  OF   THE    VERTEBRATA. 


but  it  is  nevertheless  to  be  regarded  as  a  verv  impoitaDt  morphological 
Btnicture. 


Pio.  266.     Spinai.  n 


A.  Section  throngh  »  Mriea  of  nerreB. 

B.  Hi^lil?  magnified  view  of  the  dorul  part  of 
miseiiTe  ooimeeted  with  it 

com.  oommiBBUre;  ip.g.  ganglion  of  poflt«rior  root 


lingle  nerre^  and  of  the  o 
anterior  coot. 


It  is  probable,  though  the  point  has  not  jet  been  definitely  made 
out,  that  this  commissure  is  derived  from  the  neural  crest,  which 
appears  therefore  to  separate  into  two  cords,  one  connected  with  each 
set  of  dorsal  roots. 

Returning  to  the  original  attachment  of  the  nerve-rudiments  to 
the  medullary  wall,  it  baa  been  already  stated  that  this  attachment 
is  not  permanent.  It 
becomes,  in  fact,  at  about 
the  time  of  the  appear- 
ance of  the  above  com- 
missure, either  extremely 
delicate  or  absolutely  in- 
terrupted. 

The  nerve -rudiment 
now  becomes  divided  into 
three  parts  (Uga.  267  and 
268),  (1)  a  proximal 
rounded  portion,  to  which 

is  attached  the  longitu-     ^  ' 

dinal    comraiseure   [pr) ; 

(2)  an  enlarged  portion, 

forming  the  rudiment  of  *■ 

a  ganglion  Ig  and  spg); 

(3)  a  distal  portion,  form- 
ing  the   commencement 

of  the  nerve  («).     The        p,„,  ^^_    8,^„„  ,.„„„„  „.  „,^  ,„, 
proximal     portion     may     op  tu  txovk  of  a  Touedo  aMBBio. 
very  soon  be  observed  to  pr.  paateriar  root  of  ipinal  nerve;  g.  apiiial  gan- 

be  united   with   the  side     8^™;  "•  """e;  <"■•  anterior  root  of  apinal  nerre; 
of   the   spinal   cord   at   a     '*■  ""^ord;  «<.  neural  oan.1;  «V.ma«l,^plate. 

24—2 
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very  considerable  distance  from  its  origioai  point  of  attachment. 
Moreover  the  proximal  portion  of  the  nerve  is  attached,  not  by  its 
extremity,  but  by  its  side,  to  the  spinal  cord  (fig.  268  x).  The  dorsal 
extremities  of  the  posterior  roots  are  theiefore  free. 

ThiB  attachment  of  the  posterior  nerve-root  to  the  sptnal  cord  is,  on 
account  of  its  small  size,  very  difficult  to  observe.  In  favourable  speciineDS 
there  may  however  be  seen  a  distinct  cellular  prominence  from  the  spinal 
cord,  which  becomes  coutinuoua  with  a  sniatl  praminence  on  tlie  lateral 
border  of  the  nerve-root  neat  its  proximal  extremity.  The  proximal  ex- 
tremity of  the  nerve  is  .composed  of  cells,  which,  by  their  small  siee  and 
circular  form,  are  easily  distinguished  from  those  which  form  the  suc- 
ceeding or  gauglionic  portion  of  the  nerve.  This  part  has  a  swollen 
configuration,  and  is  composed  of  large  elongated  cells  with  oval  nuclei.  ' 
The  remainder  of  -  the  rudiment  forms  the  commencement  of  the  true 
nerve.     This  also  is,  at  first,  composed  of  elongated  cells'. 

It  vi  extremely  difficult  to  decide  whether  the  permanent  attachment  of 
the  posterior  nerve-roots  to  the  spinal  cord  is  entirely  a  new  formation,  or 
merely  due  to  the  shifting  of  the  original  point  of  attachment.  I  am  in- 
clined to  adopt  the  former  view,  which  is  also  held  by  Marshall  and  His, 
but  may  refer  to  fig.  269,  shewing  the  roots  after  they  have  become 
attached  to  the  side,  as  distinct  evidence  in  favour  of  the  view  that 
the  attachment  simply  becomes  shifted,  a  |>rocesB  which  might  perhaps 
be  explained  by  a  growth  of  the  doreal  part  of  the  spinal  cord.  The  change 
of  position  in  iJie  case  of  some  of  the  cranial  nerves  is,  however,  so  great 
that  I  do  not  think  that  it  is  possible  to  account  for  it  without  admitting 
the  formation  of  a  new  attachment 

The  anterior  roots  of  the  spinal  nerves  appear  somewhat  later 
than  the  posterior  roots,  but  while  the  latter  are  still  quite  small. 
Bach  of  them  [fig.  269  ar)  arises  as  a  small  but  distinct  conical  out- 
growth from  a  ventral  comer  of  the  spinal  cord,  before  the  latter  has 
acquired  its  covering  of  white  matter.  From  the  very  first  the 
rudiments  of  the  anterior  roots  have  a  somewhat  fibrous  appearance 
and  an  indistinct  form  of  peripheral  termination,  while  tne  proto- 
plasm of  which  they  are  composed  becomes  attenuated  towanls  its 

'  The  cellular  attuctare  of  embryonic  nerres  is  a  point  on  whish  I  shonld  have  anti- 
cipated that  a  diSerence  of  opinion  wan  impossible,  had  it  not  been  for  the  Uct  that  His 
and  Kiilliker,  following  Bemak  and  other  older  embryologiatB,  absolatelj  deny  the  fact. 
I  feel  quite  enre  that  no  one  itudying  the  development  ot  the  nerves  in  Elasmobranclm 
with  well-preserved  speciineni  oould  for  a  moment  be  doubtful  on  this  point,  and  I  can 
only  explain  Hie'  denial  on  the  suppoution  that  his  spectmenE  were  utterly  unEuited  to 
the  inveBtigation  of  the  nerves.  I  do  not  propose  in  this  work  enteiing  into  the  histo- 
geneais  of  nerres,  bnt  may  say  that  tor  the  earlier  stages  of  their  growth,  at  any  rate, 
my  observations  have  led  me  in  many  respeuts  to  the  same  results  as  G<Hte  [Entieiek. 
d.  Unlu,  pp.  483—483),  except  that  1  hold  that  adeqoata  proof  is  sapplitd  by  ray  in- 
vestigatiODB  to  demonstrate  that  the  nerves  are  for  their  whole  Isiuth  oiiginaUy  formed 
as  ontfp'owths  of  the  central  nervous  system.  As  the  nerve-flbreB  become  ^ifsroitiated 
from  the  primitive  spindle-shaped  oells,  the  nuclei  be«ome  ralatively  moie  Rparse,  and 
this  fact  has  probably  misled  Kolliker.  LAwe,  while  admitting  the  eiislenoe  (d  nnola 
in  the  nerves,  states  that  they  belong  to  mesoblastia  cells  wbiob  have  wandered  into  the 
uervee.  This  is  a  purely  gratnitona  asanmption,  not  supported  by  obaerration  of  tbe 
development. 
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Fio.  268.      Sectiok    ' 

pr.  poEterior  root;  ip.g.  Bpinal  ganglion;  n. 
nerve;  x.  attachment  of  ganglion  to  apinal  oord; 
ne.  Denral  canal;  mp.  muulB-plate;  oA.  nolo- 
chord  ;  i.  investment  of  apinal  cord. 


end.     Tbey  differ  from  the  posterior  roots  in  never   shifting  their 

point  of  attachment  to  the 

spinal    cord,   in    not   being 

united  with  each  other  by 

a  commissure,  and  in  never 

developing  a  ganglion. 

The  anterior  roots  grow 
rapidly,  and  soon  form  elon- 
gated cords  of  spindle-shaped 
cells  with  wide  attachments 
to  the  spinal  cord  (fig.  2C7). 
At  first  they  pass  obliquely 
and  nearly  horizontally  out- 
wards, but,  before  reaching 
the  musde-plates,  they  take 
a  bend  downwards. 

One  feature  of  some  in- 
terest with  reference  to  the 
anterior  roots  is  the  fact  that 
they  arise  not  vertically  be- 
low, but  alternately  with  the 
posterior  roots:  a  condition 
which  persists  in  the  adult. 
They  are  at  first  quite  separate  from  the  posterior  roots ;  but  about 
the  stage  represented  in  fig.  267  a  junction  is  effected  between  each 
posterior  root  and  the  corresponding  anterior  root.  The  anterior  root 
joins  the  posterior  at  some  little  distance  below  its  ganglion  (figs.  265 
and  266). 

Althongb  I  have  inade  some  efForts  to 
determine  the  eventu&l  fate  of  the  coui- 
missure  uniting  the  dorsal  roots,  I  have  not 
hitherto  met  with  success.  It  grows  thinner 
and  thinner,  becoming  at  the  same  time  com' 

posed  of  fibrous  protoplasm  with  imbedded  ' 

nuclei,  and  finally  ceases  to  be  recognisable. 
I  can  onlj  conclude  that  it  gradually  atix)- 
phies,  and  ultimately  vanishes. 

After  the  junction  of  the  posterior  and 
anterior  roots  the  compoand  nerve  extends  '''^ 

downwards,  and  may  easily  be  traced  for 
a  considerable  distance.  A  special  dorsal 
branch  is  given  off  from  the  ganglion  on 
the  posterior  root  {fig.  275  dn).  According 
to  Lu«e  the  fibres  of  the  anterior  and  pos- 
terior roots  can  easily  be  distinguished  in  pr.  posterior  root  of  spinal 
the  higher  types  by  tbeir  structure  and  nerve;  ar.  anterior  root  of  spinal 
behaviour  towards  colouring  reagents,  and  "^^j  "i*-  mnacle-platc;  ch. 
en  b.  „p.„W,  t™»i  i„  the  co™p„und  '^^''^i  ,;;.°r':f*S 
nei-ve.                                                                       hodien. 


FlO.    369.         TlUNBVEBSE     BSC- 

roh  the  im>bsal  beoion 
}  Torpedo  bmbbto  to 
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So  far  as  has  been  made  out,  the  development  of  the  spinal 
nerves  of  other  Vertebrates  agrees  in  the  main  with  that  in  Elasmo- 
brancbii,  but  no  dorsal  aymmissure  has  yet  been  discovered,  except  in 
the  case  of  the  first  two  or  three  spinal  nerves  of  the  Chick. 

In  the  Chick  (Uarshatl,  No.  353)  the  posterior  roots,  during  their  early 
stages,  closely  resemble  those  in  EUsmobranchii,  though  tlieir  relatively 
smaller  size  makes  them  difficult  to  observe.  They  at  first  extend  more  or 
less  horizontally  outwards  above  the  muscle- )ilates  (dm  a  few  of  the  nerves 
also  do  to  some  extent  in  ElosmobrBiichii),  but  subsequently  lie  close  to  the 
sides  of  the  neural  canal.  They  are  shewn  in  this  position  in  fig.  1 16  *p-ff. 
There  does  not  appear  to  be  a  continuous  crest  coimecting  the  roots  of  the 
posterior  nerves.  The  later  stages  of  the  development  are  precisely  like 
those  in  Elasmobranchii. 

The  anterior  roots  have  not  beeu  so  satisfactorily  investigated  as  the 
pMterior,  but  they  grow  out,  possibly  by  several  roots  for  escb  nerve, 
from  the  ventral  comers  of  the  spinal  cord,  and  subsequently  become 
attached  to  the  posterior  nerves. 

I  have  observed  the  development  of  the  posterior  roots  in  Lepidostenit, 
in  whi<^  they  appear  as  projections  from  the  dorsal  angles  of  the  spinal 
cord,  estending  laterally  outwards  and,  at  first,  having  their  eiLtremitlea 
placed  dorsally  to  the  muscle-plates. 

The  oranial  nerree'.  The  earliest  stipes  in  the  development  of 
the  cranial  nerves  have  been  most  satisfactorily  studied,  eBpecially  by 
Marshall  (No.  354),  in  the  Chick,  while  the  later  stages  nave  been 
more  fully  worked  out  in  Elasmobranchii,  where,  moreover,  they 
present  a  very  primitive  arrangement.  In  the  Chick  certain  of  the 
cranial  nerves  arise  before  the  complete  closure  of  the  neural  groove. 
These  nerves  are  formed  as  paired  outgrowths  of  a  continuous  hand 
composed  of  two  lamina,  connectine  the  dorsal  end  of  the  incom- 
pletely closed  medullary  canal  with  the  external  epiblast.  This  mode 
of  development  will  best  be  understood  by  an  examination  of  Hg.  270, 
where  the  two  roots  of  the  vagus  nerve  (vgj  are  shewn  growing  out 
from  the  neural  band.  Shortly  after  this  st^e  the  neural  band, 
becoming  separated  from  the  epiblast,  constitutes  a  crest  attached  to 
the  roof  of  the  brain,  while  its  two  laininse  become  fused.  The 
relation  of  the  cranial  nerves  to  the  brain  then  becomes  exactly  the 
same  aa  that  of  the  posterior  roots  of  the  spinal  nerves  to  the  spinal 
cord. 

It  does  not  appiear  possible  to  decide  whether  the  mode  of  development 
of  the  cranial  nerves  in  the  Chick,  or  that  of  the  posterior  roots  of  the 
spinal  nerves,  is  the  more  primitive.  The  differeDce  in  development 
between  the  two  sets  of  nerves  probably  depends  upon  the  relative 
time  of  the  closure  of  the  neural  canal.  The  neural  crest  clearly  belongs 
to  the  brain,  from  the  fact  of  its  remaining  connected  with  Uie  latter 
whea  the  medullary  tube  separates  from  the  external  epiblast. 

'c  for  obfious  reuons  denlt  vith  in  connection  irith  the  deve- 
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It  is  uot  kuown  whether  the  craniiil  nerven  originHte  before  the  (.-loBUre 
of  the  neural  cuiia]  in  other  forms  besiiles  the  Cliick. 


Flu.  270,        TbAHBTEBBE    section   THHOUaB    THE    P08TEBI0R 


hb.  hind-brain;  vg.  vogns  nerve;  tp.  epiblut;  ch.  notoohord;  z.  thickening  of 
hypoblast  (poHnbly  a  mdiment  of  (be  snDnotoohonlal  rod);  al.  throat;  kt.  heart; 
pp.  bodysarit;;  to.  lomatia  meBoblast;  (/.  aplanchnic  meaoblast;   hy.  hypobUat. 

The  neural  crest  of  the  brain  is  continuous  with  that  of  thu  spinal 
cord,  and  on  its  separation  from  the  central  nervous  axis  forma  on 
each  side  a  commissure,  uniting  t1ie  posterior  cranial  nerves  with  the 
spinal  nerves,  and  continuous  with  the  commissiTre  connecting  together 
the  latter  nerves. 

Anteriorly,  the  neural  crest  extends  as  fur  as  the  roof  of  the  raid- 
brain'.  The  pairs  of  nerves  which  undoubtedly  grow  out  from  it  are  the 
third  pair  (ilarshall),  the  fifth,  the  seventh  and  auditory  (as  a  single 
root),  the  glossopharyngeal,  and  the  various  elements  of  the  vagus 
(as  separate  routs  in  Elasmobranchii,  but  as  a  single  root  in  Aves). 
Marshall  holds  that  the  olfactory  oerve  probably  also  originates  from 
this  crest.  It  will  however  be  convenient  to  deal  separately  with 
this  nerve,  after  treating  of  the  other  nerves  which  undoubtedly 
arise  from  the  neural  crest. 

The  cranial  nerves  just  enumerated  present  in  their  further  de- 
velopment many  points  of  similarity;  and  the  glossopbaryogenl  nerve, 
as  it  develops  in  Elasmobranchii,  may  perhaps  be  taken  as  typical. 

'  MarBhall  holda  that  the  neural  crest  extends  in  Front  of  tlie  region  of  the  optio 
vesicle.  I  have  been  unable  completely  to  bstiafy  mvnell  of  the  correctneas  of  thia 
atatement.  In  my  BpeciTaeua  the  epibUat  along  the  line  of  iufoldicg  of  thia  part  o( 
the  roof  of  the  brain  is  much  thickened,  but  what  HaiBholl  repreaenta  as  a  pair  of  out- 
growths  from  it  like  those  of  a  true  nerve  (No.  314,  PI.  11,  fig.  fi)  appears  to  me  in  my 
speciniena  to  be  part  of  the  external  epiblaet ;  and'  I  believe  that  they  remain  oooneoted 
with  (he  external  epiblaet  on  the  complete  separation  of  the  brain  from  it. 
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'lliis  Derve  in  cooaected  by  a  commissare  with  those  behind,  but  this 
fact  may  for  the  tnotuent  be  left  out  of  consideration.  Springing  at 
lirst  froiD  the  dorsal  line  of  the  hind-brain  immediately  behind  the 
level  of  the  auditory  capsule,  it  apparently  loses  this  primitive  attach- 
ment and  acquires  a  secondary  attachment  about  half-way  down  the 
side  of  the  hind-brain.  The  primitive  undifferentiated  rudiment  soon 
becomes  divided,  exactly  like  a  true  posterior  root  of  a  spinal  nerve, 
into  a  root,  a  ganglion  and  a  nerve.  The  main  branch  of  the  nerve 
passes  ventralwards,  and  supplies  the  first  branchial  arch  (fig.  271  gl). 
Shortly  afterwards  it  sends  forwards  a  smaller  branch,  which  passes 
to  the  hyoid  arch  in  front ;  so  that  the  uerve  forks  over  the  byo- 
branchial  cleft.  A  typical  cranial  nerve  appears  therefore,  except  as 
concerns  its  relations  to  the  clefts,  to  develop  precisely  like  the 
posterior  root  of  the  spinal  nerve. 

Most  of  the  cranial  nerves  of  the  above  group,  in  correlation  with 
the  highly  differentiated  character  of  the  head,  acquire  secondary 
differentiations,  and  render  necessary  a  brief  description  of  what  is 
known  with  reference  to  their  individual  development. 

The  Gkssopliaryiigeal  and  Vagru  Nerres.    Behind  the  ear  there 

are  formed,  in  Scyllium,  a  series  of  five  nprves  which  paas  down  to  respect- 
ively the  first,  second,  third,  fourth  and  fifth  branchial  arches. 

For  each  arch  there  is  thus  one  nerve,  whose  course  lies  close  to  the 
posterior  margin  of  the  preceding  cleft ;  a  second  anterior  branch,  forkii^ 
over  the  cleft  and  passing  to  the  arch  in  front,  being  developed  later.  These 
nerves  are  connected  with  the  brain  by  roots  at  first  attached  to  the  dorsal 
Bummit,  but  eventually  situated  about  half-way  down  the  aides.  The 
foremost  of  them  is  the  glossophoryugesl  The  next  four  are,  as  hss  been 
shewn  by  Gegenbanr',  equivalent  to  four  independent  nerves,  but  form 
t<^ther  a  compound  nerve,  which  we  may  briefly  call- the  vagua 

This  compound  nerve  together  with  the  glossopharyngenl  soon  at- 
tains a  very  complicated  sbucture,  and  presents  several  remarkable 
featurea  There  are  present  five  branches  (fig.  271  B),  viz.  the  glossopha- 
iTngeal  (gl)  and  four  btanches  of  the  vagus,  the  latter  probably  arising 
by  a  considerably  greater  number  of  strands  from  the  brain'.  All  the 
strands  frtwn  the  brain  are  united  together  by  a  thin  commissure  (Gg. 
271  B,  vg),  contiouous  with  the  commissure  of  the  posterior  roots  of  the 
spinal  nerves,  and  from  this  commissure  the  tire  branches  are  continued 
obliquely  ventralwardR  and  backwards,  and  each  of  them  dilatei  ijiio  a 
ganglionic  nodling.  Hey  all  become  again  iinit«d  together  by  a  second 
thick  commissure,  which  is  continued  backwards  as  the  intestinal  lirsnch 
of  the  vagus  nerve.  The  nerves,  however,  are  continued  ventralwards  each 
to  its  respective  arch.  From  the  lower  commissure  springs  the  lat«ral 
nerve,  at  a  point  whose  relations  to  the  branches  of  the  vagus  I  have  not 
certainly  determined. 

Witli  reference  to  the  dorsal  commissure,  which  is  almost  certainly 
derived  from  the  original  neural  crest,  it  is  to  I>e  noted  that  there  is  a 
longish  stret«h  of  it  between  the  last  branch  of  the  vagus  and  the  first  spinal 

'  "Uebet  d.  Kopfnensn  von  Hcianohut,"  etc.,  Jtnoitcht  Zeitttkrift,  Vol.  *i.  1871. 
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nerve,  which  is  probably  the  remains  of  a  part  of  the  oommiasnK  which 

coHQected  the  posterior  branches  of  the  vagus,  at  a  sta^^e  in  the  btoIu- 

tion  of  the  Vertebrata,  when 

the  posterior  visceral  ctefta 

were    still    present.      These 

branches   of  the  vagus  are 

probably  partially  preserved 

in  the  ramifications  of  the 

intestinal  stem  of  the  vagus 

(Oegeubaur).     The  origin  of 

the  ventral  commissure,  con- 

tinned     as     the     intestinal 

branch  of  the  vagus,  has  not 

lieen  embryologically  worked 

out. 

The  lateral  nerve  may 
very  probably  be  a  dorsal 
sensory  branch  of  the  vagus, 
whose  extension  into  the  pos- 
terior part  of  the  trunk  has 
been  due  to  the  gradual  back- 
ward elongation  of  the  lateral 
line',  causing  the  nerve  sup- 
plying it  to  elongHte  at  the 
same  time  {vidr.  Section  on 
lateral  line). 

In  the  Chick  the  com- 
mon rudiment  for  the  vajfxts 
and  gloBsophnryngeal  nerves  bbikch 
(Marshall),  which  has  already 
been  spoken  of,  subsequently 
divides  into  two  parts,  an 
anterior  forming  the  glosso- 
pharyngeal nerve,  and  a 
posterior  forming  the  vagus 
nerve. 

The  Borentli  and  au- 
ditor' nerres.  As  shewn 
by  lijarshairs  and  my. own 
observations  there  is  a  com- 
mon rudiment  forthe  seventh 
and  auditory  nerves.      This 
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A.  Pristiuras  embno  of  the  ume  etsge  as  fig. 
38  F. 

B.  Somewliat  older  Sejlttam  embryo. 

III.  third  nerro;  V.  fifth  nerve;  VII.  seventh 
nerve;  ait.n.  auditory  nerve  ;  gl.  gloasopharjngeal 
nerve  ;  Vg.  vagus  nerve  ;  fb.  loie-brain  ;  pn.  pineal 
gland;  mb.  mid-bmn;  At.  bind-biain ;  I'v.i'.  tonrth 
ventricle;  cb.  cerebellnm ;  ol.  olfactory  pit;  op. 
eye;  au.  F.  auditory  vesicle;  m.  meBOblast  st  base 
of  braia  ;  cX.  notoohord ;  At.  heart ;  Ve.  Tiroeral 
cleFtB ;  rj7.  external  gills ;  pp.  secticms  of  body 
cavity  in  the  head. 


nidiment  divides  almost  at  once  into  two 
branches.  The  ant«rior  of  these  pursues  a  straight  course  to  the  hyoid 
arch  (fig.  271  A,  r//.)  and  fcirms  the  rudiment  of  the  facial  nerve;  the  second 
of  the  two  (fig.  271  A,  au.n),  which  is  the  rudiment  of  the  auditory  nerve, 
develops  a  ganglionic  enlargement  and,  turning  backwards,  closely  hugs 
the  ventral  wail  of  the  auditory  involution  (fig.  272). 

The  seventh  or  facial  nerve  soon  becomes  more  complicated.     It  early 
develops,  like   the   glossophsryngesl   and   vagus   nerves,   a   branch,    which 


entbni 


» to  the  lateral 


,dbyGoo<^Ie 


378  CRANIAL   NERVES. 

forks  over  tb«  cleft  in  froDt  (spiracle),  aad  supplies  the  uiandibular  arch 
(fig.  271  B).  This  bmuch  forma  the  pnespiracnlar  nerve  of  the  adult,  and  is 
homologous  with  the  chorda  tjrmpani  of  Mammalia.  Besidea  however 
giving  rise  to  this  typical  branch  it  gives  origin,  at  a  very  early  period, 
to  two  other  rather  remarkable  hranchea ;  one  of  these,  arising  from  its 
dorsal  anterior  border,  passes  forwards  to  tlie  frorU  part  of  iJie  hend,  im- 
mediHtely  dorsal  to  the  ophthalmic  bi-anch  of  the  fifth  to  be  described 
directly.  This  nerve  is  tie  portio  major  or  snperticialis  of  the  nerve 
usually  known  as  the  ramus  ophthalmicus  supeificialis  in  the  adult'. 

The  other  branch  of  the  seventh  is  the  palatine  branch — -superficial 
petrosal  of  Mammalia— the  course  of  which  has  been  more  fully  investi- 
gated by  Marshal]  than  by  myself.  He  has  shewn  thst  it  arises  "just 
below  the  root  of  the  ophthalmic  branch,"  and  "  mns  downwards  and  for- 
wards, lying  parallel  and  immediately  superficial  to  the  maxillary  branch 
of  the  fifth  nerve."  This  branch  of  tJie  seventh  nerve  appears  to  bear  the 
same  sort  of  relation  to  the  superior  maxillary  branch  of  the  fifth  nerve, 
that  the  ophthalmic  branch  of  tJie  seventh  does  to  the  ophthalmic  branch  of 
the  fifth. 

Both  the  root  of  the  seventh  and  its  main  braucbes  are  gangliated. 

The  auditory  nerve  is  probably  to  be  regarded  as  a  specially  differen- 
tiated part  of  a  dorsal  branch  of  ^e  seventh,  while  the  ophthalmic  branch 
may  not  improbably  be  a  dorsal  branch  comjiarable  to  a  dorsal  branch  of 
one  of  the  spinal  nerves. 

Tho  fifth  IMTTOi  Shortly  after  its  development  the  root  of  the  fifth 
nerve  tibifU  so  as  to  be  attached  about  half-way  down  the  side  of  tho  brain. 
A  large  ganglion  becomes  developed  dose  to  the  root,  which  forms  the 
rudiment  of  the  Gasserian  ganglion.  The  main  branch  of  the  nerve  grows 
into  the  mandibular  arch  (fig.  271  A,  V),  maintaining  towards  it  similar 
relations  to  those  of  tlie  posterior  nerves  to  their  respective  arches. 

Two  other  branches  very  soon  become  developed,  which  were  not  pro- 
perly distinguished  iu  my  original  account.  The  dorsal  one  takes  a  course 
parallel  to  the  ophthalmic  branch  uf  the  seventh  nerve,  and  forms,  accord- 
ing to  the  nomenclature  already  adopted,  the  portio  profunda  of  the 
ophthalmicus  superticialis  of  the  adult. 

Tlie  second  nerve  (fig.  271  A)  passes  forwards,  above  the  mandibular 
head  cavity,  and  is  directed  straight  towards  the  eye,  imwr  which  it  meets 
and  unites  with  t/te  Uiird  verve,  where  the  ciliary  ganglion  is  developed 
(Marshall).  I'his  branch  is  usually  called  the  ophthalmic  branch  of  the 
fifth  nerve,  but  Marshall  rightly  prefers  to  call  it  the  communicating 
branch  between  the  fifth  and  third  nerves'. 

Later  than  these  two  branches  there  is  developed  a  third  branch,  passing 
to  the  front  of  the  mouth,  and  forming  the  superior  maxillary  branch  of 
the  adult  (fig.  271  B). 

Of  the  branches  of  the  fifth  nerve  the  main  mandibular  branch  is 

■  The  two  branches  of  the  ramaB  ophthalmicuB  Baperficislia  were  Bpolcen  of  as  the 
wun.  opbth.  BUperfoialiB  and  tarn.  opth.  profundnB  in  my  ifonopropft  on  EloMiHobraneh 
Fiihtt.    The  Domendatore  in  the  teit  is  Sohwalbe'i,  which  is  prcbablf  more  ooirect 

*  Marahall  thiukR  that  this  nerve  may  be  the  remaiuB  of  the  oommissure  onginally 
coDDBcting  the  rootB  of  the  third  and  fifth  itervee.  This  sufigeBtiuD  mh  only  be  tested 
by  farther  obeervations. 
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obviotuly  comparable  to  the  maiu  bi-anub  of  tbe  posterior  nervea.  The 
BUperfictal  ophthtdmic  branch  is  clearly  equivalent  to  the  ophthalmic  branch 
of  the  seventh.  The  superior  maxillary  is  usually  held  to  be  equivalent  to 
that  branch  of  the  posterior  nervee  which  forms  the  anterior  limb  of  the  fork 
over  a  cleft.  The  similarity  between  the  course  crf  this  nerve  and  that  of 
the  palatine  branch  of  the  seventh,  resfimbling  as  it  does  the  similar  coiii-se 
of  the  ophtlialmic  branches  of  the  two  nerves,  sii^i^ests  that  it  may  perhaps 
really  be  the  homologue  of  the  palatine  branch  of  the  eeveoth,  there  being 
no  homologue  of  the  typical  anterior  branch  of  the  other  cranial  nervea. 

The  third  nerve.  Our  knowledge  of  the  development  of  the  third 
nerve  is  entirely  due  to  Marshall.  He  has  shewn  that  in  the  Gbick 
there  is  developed  from  the  neural  crest,  on  the  roof  of  the  mid-brain,  an 
outfp-owth  on  each  side,  very  similar  to  the  rudiment  of  the  posterior  nerves. 
This  outgrowth,  tbe  presence  of  which  I  can  confirm,  he  believes  to  be  the 
third  nerve,  but  although  he  is  probably  riglit  in  this  view,  it  must  be 
borne  in  mind  that  there  is  no  direct  evidence  on  the  poiut,  the  iate  of 
the  outgrowth  in  question  not  having  been  aaiisfactorilj  followed. 

At  a  very  considerably  later  period  a  nerve  may  be  found  tpringing 
from  the  floor  of  tite  mid-irain,  which  is  undoubtedly  the  third  nerve,  and 
which  Marshall  supposes  to  be  the  above  rudiment,  which  has  shifted  its 
position.  It  is  shewn  in  Scylliura  in  fig.  271  B,  ///.  A  few  intermediate 
stuges  between  this  and  the  earliest  condition  of  tbe  nerve  have  been  im- 
perfectly traced  by  Marshall. 

The  nerve  at  the  stage  represented  in  fig.  271  B  arises  from  a  ganglionic 
root,  and  "runs  as  a  long  slender  stem  almost  horizontally  backwards,  then 
turns  slightly  outwards  to  reach  the  interval  between  the  dorsal  ends  of  the 
first  and  second  head  cavities,  where  it  expands  into  a  small  ganglion." 
This  ganglion,  as  first  siiggeHted  by  Schwalbe  (No.  359),  and  sulmequently 
proved  euibryologically  by  Marshall,  is  the  ciliary  ganglion.  From  the 
ciliaiy  ganglion  two  branches  ariite  ;  one  branch  continuing  the  main  stem 
of  the  nerve,  and  obviously  homologous  with  the  main  branch  of  the  other 
nerves,  and  the  other  j>as>ung  directly  forwards  "  along  the  top  of  the  first 
bead  cavity,  then  along  the  inner  side  of  the  eye,  and  finally  terminating 
at  the  anterior  extremity  of  the  head,  just  dorsal  oif  the  olfactoiy  pit." 

The  partial  separation,  in  many  forms,  of  the  ciliary  gsnglion  from  the 
stem  of  the  third  nerve  has  led  to  the  erroneous  view  (disproved  by  the 
researches  of  Mxrshall  and  Schwalbe)  that  the  ciliary  ganglion  belongs  to 
the  fifth  nerve.  The  connecting  branch  of  the  fifth  nerve  often  becuuies 
directly  continuous  with  the  anterior  branch  of  the  third  nerve,  and  the 
two  together  probably  constitute  tlie  nerve  known  as  the  ramus  oph- 
thslmicns  profitiidus  (Marshall).  Further  embryological  investigations 
will  be  required  to  shew  whether  this  nerve  is  homologous  with  the  naaal 
branch  of  the  fifth  nerve  in  Mammalia. 

BelatioiiB  of  the  nerres  to  the  head-cavitifiB.    The  cranial  nerves, 

whose  development  has  just  been  given,  bear  certain  very  detiLiit«  relations 
to  the  mesoblastic  ntructures  in  the  head,  of  the  nature  of  somites,  which 
are  known  as  the  head-cavities.  Each  cranial  nerve  is  typically  placed 
immediately  behind  the  head-cavity  of  its  somite.  Thus  the  main  branch 
of  the  fifth  nerve  lies  in  contact  with  the  posterior  wall  of  the  mandibular 
cavity,  as  shewn  in  section  in  fig,  272  V.  2pp  and  in  surfcce  view  in  fig.  271  ; 
the  main  branch  of  tbe  seventh  nerve  occupies  a  similar  jKisitiou  in  relation 
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to  the  hyoid  cavity;  and,  aa  Marshall  has  recently  shewn,  the  main  branch 
of  the  third  nerve  adjoius  the  posterior  border  of  the  front  cavity,  described 
by  me  as  the  pre  mandibular  cavity. 
Owing  to  the  early  conversion  of  the 
wftlla  of  the  posterior  head-cavitivs  into 
muscles,  their  relatione  to  the  aervea  are 
not  quite  so  clear  as  in  the  case  of  the 
anterior  cavities,  though,  aa  far  as  ia 
known,  they  are  precisely  the  sHnie. 

Anterior  nerve-rooU  in  t/ie  brain. 
i  During  my  investigations  on  the  de- 

velopment of  the  cranial  nerves  I  was 
unable  to  find  any  roots  comparable  with 
the  anterior  roots  of  the  spinal  nerves, 
and  propounded  an  hypothesis  (suinested 
by  Uie  absence  of  xnterior  spinal  root« 
in  Amphioxus')  that  the  head  and  tnink 
had  become  differentiated  from  each  other 
at  a  stage  when  mixed  motor  and  sensory 
posterior  roots  were  the  only  roots  pre- 
sent, and  I  supposed  the  cranial  and 
spinal  nerves  to  have  been  independeittly 
evolved  from  a  common  ground  form, 
the  resulting  types  of  nerves  being  so 
different  that  no  roota  strictly  compamble 
with  the  anterior  rootn  of  spinal  nervea 
were  to  be  found  in  the  cranial  nerves. 

The  views  put  forward  by  me  on  this 
subject,  though  accepted  by  Schwalbe 
(No.  357),  have  in  other  quarters  not 
met  with  much  favour,  Wiedersheim 
holds  that  it  is  impossible  to  believe  that 
the  cranial  nervea  are  simpler  than  the 
spinal  nerves.  Such  siiuplicity,  which  is 
«rted  to  exist ;  I  have  only  stated  tbatthe 
aplicated  character  they  have  in  the  aJult, 
pai'able  with  those  of  the  spinal  nervea. 
Marshall  also  strongly  objects  to  my  views,  and  has  made  some  observa- 
tions for  the  purpose  of  testing  them,  leading  to  some  very  interesting 
results,  which  I  proceed  to  state,  and  I  will  then  explain  my  opinion  con- 
cerning them. 

The  moat  important  observation  of  Marshall  on  this  subject  concerns 
the  sixth  nerve.  In  both  the  Chick  and  Scylliura  be  has  detected  a  nerve 
(the  first  development  of  which  has  unfortunately  not  been  made  out) 
arising  by  a  series  of  roots  from  the  base  of  the  liind-brain.  By  tracing 
thin  nerve  to  the  external  rectus  muscle  of  the  eye  he  has  satiafaclorily 
identified  it  aa  the  sixth  nerve.  "  Neither  in  l}t»  nerve  nor  in  its  roots  art 
there  any  ganglion  cells."    Tliis  nerve  he  finds  to  be  phtced  vertically  below 


HEAD  or  1  TOUNQ  FSISTIURDB  BMBRTO. 

The  leotioQ,  owing  to  the  cnnial 
fleiDM,  cats  both  the  fore-  and  the 
hind-brain.  It  ahews  the  pteman- 
dibulai  and  nuindibalar  head  cavitieH 
Ipp  and  2pp,  etc. 

fb.  fore- brain  1  I,  ienioteye;  ni. 
month;  pt.  Dpper  end  of  month, 
forming  pitnitar;  involntion ;  loo. 
mandibnlar  aortic  arch ;  1pp.  and 
2pp,  first  and  second  head  cavities; 
Ive.  first  vixoend  cleft ;  V.  fifth 
nerre;  aim.  ganglion  of  aaditoi; 
nerve:  VII.  seventh  nerve;  aa.  dor- 
sal aorta;  acr.  anterior  cardinal  vein; 
ch.  noto^ord. 

clearly  nut  found.  I  have  never 
cranial  nerves,  in  acquiring  the 
do  not  develop  anterior 


e  present  in  Amphio' 


;,  but  1  have  beAi 
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the  roots  of  the  Mventh  nerve ;  and  it  is  not  visible  till  muoh  later  than 
the  cranial  nerves  above  deBCiibed. 

In  addition  b>  this  nerve  Marshall  has  fonud,  both  in  the  third  nerve 
and  in  the  fifth  nerve,  a  series  of  non-gangliatoi  roote,  which  arise  in  a 
manner  not  yet  satisfactorily  elucidated,  considerably  later  than,  and  in  front 
of,  the  main  roots.  These  roots  join  the  gangtiated  roots  on  the  proximal 
side  of  the  ganglion  or  in  the  ganglion  'j  and  Marshall  brtieves  them  to 
be  homologous  with  the  anterior  roots  of  spinal  nerves,  while  he  holds  the 
sixth  nerve  to  be  an  anterior  root  of  the  seventh  nerve. 

In  addition  to  these  nervea  Marshall  holds  certain  ventral  rootn,  which 
occur  in  EUaniobranchs  close  to  the  boundary  of  the  spinal  cord  and  medulla, 
and  which  probably  form  the  hypoglossal  nerve  of  higher  types,  to  be 
anterior  roots  of  the  vagus.  It  is'veiy  difficult  to  prove  anything  definitdy 
about  these  nerves,  but,  for-reasona  stated  in  my  work  on  Eliwmobraneh 
Fithes,  I  am  inclined  to  regard  them  as  anterior  roots  of  oiie  or  mora 
spinal  nerveM. 

Before  attempting  to  decide  how  far  Marshall's  views  about  the  tH>called 
anterior  roots  of  the  seventh,  the  fifth  and  the  third  nerves  are  well  founded 
it  will  conduce  to  clearness  to  state  the  characters  and  relations  of  the  two 
roots  of  spinal  nerves. 

The  posteiior  root  is  (1)  always  purely  gengorj/;  (2)  it  always  develops  a 
ganglion.  The  anterior  root  is  (1)  always  purely  motors  (2)  it  always  joins 
the  posterior  root  below  the  ganglion,  except  in  Petromyzon  (though  not  in 
Myzine)  where  the  two  roots  ars  stated  to  be  independent. 

How  far  do  Marshall's  anterior  and  posterior  roots  of  the  cranial  nerves 
esbiliit  t^ern  respective  pectiiiarities) 

With  reference  to  the  sixth  and  seventh  nerves  he  states  "  we  must 
regard  the  sixth  nerve  as  having  the  same  relation  to  the  seventh  that  the 
anterior  root  of  a  spinal  nerve  has  to  the  posterior  root."  On  this  I  would 
remark  ( 1 )  that  the  posterior  root  of  this  nerve  is  a  mixed  sensory  and  motor 
nerve  and  therefore  difiers  in  a  very  fundamental  point  from  that  of  a 
spinal  nerve ;  (2)  the  sixth  nerve  though  resembling  the  anterior  root  of  a 
spinal  nerve  in  being  motor  and  without  a  ganglion,  difi'ers  from  the  nearly 
universal  arrangement  of  spinal  nerves  in  Mot  uniting  with  the  seventh. 

With  reference  to  the  fifth  nerve  It  is  to  be  observed  that  it  is  by 
no  means  certain  that  the  whole  of  the  motor  fibres  are  snppHed  by  the 
so-oslled  anterior  roots,  and  that  these  roots  differ  again  in  the  most 
marked  manner  Cram  the  anterior  roots  of  spinal  nerves  in  joining  the 
main  root  of  the  nerve  above  (nearer  the  brain),  and  not  as  in  a  spinal 
nerve  beloto  the  ganglion.  The  gangliated  root  of  the  third  nerve  is 
purely  motor',  and  its  so-called  anterior  roots  again  differ  from  the  anterior 
roots  of  spinal  nerves,  in  the  some  manner  as  those  of  the  fifth  nerve. 

With  reference  to  the  glossopharyngeal  and  vagus  nerves  I  would 
merely  remark  that  no  anterior  root  has  even  been  suggested  for  the 
glossopharyngeal  nerve  and  that  tho  posterior  roots  of  both  these  nervea 
oontain  a  mixture  of  sensory  and  motor  fibres. 

1  These  nan-ganRlisted  roota  of  the  fifth  nerve  aie  not  to  be  oonfonnded  with  the 
motor  root  of  the  fifth  nerrs  in  higher  types.  They  appear  lo  form  the  anterior  root  of 
the  sdolt  whioh  gives  origin  to  the  ramui  ophthabnicns. 

■  If  Hanball'i  view  nbont  the  ramas  ophthahniciu  proftrndns  (p.  BT9)  ie  oonect,  the 
third  malt  Etill  be,  as  it  no  dtmbt  was  primitively,  a  mixed  motor  and  feaeoTj  aerre. 
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la  view  of  tJiese  focts,  my  original  kypotheais  appears  to  me  to  bo 
confirmed  by  MarxhairB  obserrations. 

The  fact  of  all  the  posterior  roots  of  the  above  ciaaial  nerreB  (except 
the  third  which  may  be  purely  motor)  being  mixed  motor  and  sensory  roote 
appears  to  me  to  demonatnte  that  the  starting-point  of  their  differentiation 
was  a  mixed  nerve  with  a  single  dorsal  root;  and  that  they  did  not  therefore 
become  difierentiated  from  nerves  built  on  the  same  type  as  the  spinal  nerves 
with  dorsal  aeusory  and  ventral  motor  roota.  The  presence  of  such  non- 
gangliated  roots  as  those  of  the  third  and  fifth  nervM  is  not  a  difficulty 
to  this  view.  Coni-idering  that  the  cranial  nerves  are  more  highly  differen- 
tiated than  the  spinal  nerves,  and  have  more  complicated  functions  to  perform, 
it  would  be  surprising  if  there  had  not  been  developed  non-ganglion ated 
roots  amalogoua  to,  but  not  of  course  homologous  with,  the  anterior  roots 
of  the  spinal  nerves'. 

As  to  the  sixth  nerve  further  embryological  inveetigations  are  requisite 
before  its  true  position  in  the  series  can  be  determined;  but  it  appears  to 
me  very  probable  that  it  is  a  product  of  the  difierentiation  of  the  seveuth 

mbryolt^cal  investigations  have  been  made 
rve.  It  is  possible  that  it  is  a  s^mental 
nerve  comparable  with  the  third  nerve,  and  that  the  only  remnant  still  left 
of  the  segment  to  which  it  belongs  is  the  supeiior  oblique  muscle  of  the  eye. 
If  this  is  the  case  there  must  have  been  two  pnemandibnlar  segments,  viz. 
that  belonging  to  the  third  nerve,  and  that  belonging  to -the  fourth  nerve. 
Against  this  view  of  the  fourth  nerve  is  the  fact,  urged  with  great  force  by 
Marshall,  that  the  superior  oblique  muscle  ia  in  front  of  tlie  other  eye 
muscles,  and  that  the  fourth  nerve  therefore  crosses  the  third  nerve  to 
reach  its  destination. 

The  Oliactory  nerve.  I<^  was  shewn  in  my  monograph  on  Elas- 
mobranch  fishes  that  the  olfactory  nerve  grew  out  from  the  brain  in  the 
same  manner  as  other  nerves;  and  Marshall  (No.  355),  to  whom  we  are 
indebted  for  the  greater  part  of  our  knowledge  oa  the  development  of  thin 
nerve,  has  |>roved  that  it  arises  prior  to  the  difierentiation  of  the  ol&tctozy 
lobeiL 

The  earliest  stages  in  the  development  of  the  nerve  have  not  been 
made  out.  Marshall,  as  already  stated,  finds  that  in  the  Chick  the  neural 
crest  is  continued  in  front  of  the  optic  vesicles,  and  holds  that  this  fiwt  ja 
strong  a  priori  evidence  in  favour  of  the  nerve  growing  oat  from  it. 
As  mentioned  above,  note  on  p.  375,  I  cannot  without  further  evidence 
acoept  Marshall's  statements  on  this  point.  In  any  case  Marshall  has  not 
yet  been  able  again  to  find  an  olfactory  nerve  till  long  after  the  disappear- 
ance of  the  neural  crest  The  olfactory  nerve  at  the  next  stage  observed 
forms  an  outgrowth  of  fusiform  cells  springing  on  eitlier  side  from  near 
the  summit  of  the  fore-brain;  and  at  fifly  hours  it  ends  close  to  a  slight 
thickening  of  the  epiblast  forming  the  first  rudiment  of  the  ol&otory  pit, 
with  tjie  walls  of  which  it  soon  becomes  iinit«d. 

'  In  the  higher  typea,  oa  ia  irell  known,  the  fifth  nerve  has  its  roota  fonned  on  the 
same  t;pe  ae  a  apinal  nerve.  The  fact  that  this  ia  not  the  case  in  the  lower  tTpes, 
either  in  the  embryo  or  the  adult,  ia  a  olearindication,  tomymind,  that  themamnudian 
arrangement  of  the  rootn  of  the  fifth  nerte  has  been  secondarily  acquired,  ■  fact  which 
ia  a  moat  striking  oonflrmation  of  my  viewe  aa  to  the  differenoes  between  the  oranial 
and  apinal  nerreR, 
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The  growth  of  the  cerebral  heiuispherea  causes  its  point  of  insertion  in 
the  brain  to  be  relatively  shifted ;  and  on  the  development  of  the  olfactory 
lobes  {vidi  p.  366)  it  arises  from  them  (fig.  273).    In  Elasmobranchs  there 
is  a  large  development  of 
ganglion  cells  near  its  root. 
From     Marshall 's    figures 
theEO   appear  also    to    be 
present  in  the  Cliick,  but 
thej  do  not  seem  to  have 
been  foand  in  other  forms. 
In  both  Teleoatei  and  Am- 
phibia the  olfactory  nerves 
are  at  first  extremely  short 

Marshall  holds  ih&t  the 
olfactory  nerve  ia  a  seg- 
mental nerve  equivalent  to 
the  third,  fifth,  seventh  etc. 
nen'es.  It  h^a  been  al- 
ready stated  that  in  my  Fm.  273.  Secttom  throcqh  tbb  bbun  and  ol- 
opinion  the  oriirin  of  the  rkutotn  oroan  or  id  embhio  or  Sctlliuii.  (Modi- 
olfactory  nerveH  from  the     ^**  ^^  ^B<^  ^^  MarshaU  and  myself.) 

fore-brain,  which  T  hold  to  ,/\,~^''"'?T?''^  •  -S'-"-  "''"ffoT '»"!«; 
...  '  ,.         ,.,  olf.  ol&ototy  pit;  Sch.  Sclmeiderian  folds;  I.  oltao- 

be  the  ganglion  of  the  pne-     tory  nerTe.    The  reterence  line  has  been  accidentaUy 
oml    lobe,    negatives    this     taken  thioagh  the  nerve  to  tbe  brain ;   pn.  pineal 
view.      The   mere  fact  of    Bl'id- 
these  nerves  originating  as 

an  outgrowth  from  the  centnil  nervous  sj^tem  is  no  argument  in  favour  of 
Marshall's  view  of  their  nature;  and  even  if  Marshall's  opinion  that  they 
arise  from  the  neural  croat  should  turn  out  to  be  well  founded,  this  fact 
would  not  prove  their  segmental  nature,  because  their  origin  from  thia 
crest  would,  as  indicated  in  the  next  paragraph,  merely  seem  to  imply  that 
they  primitively  arose  from  the  lateral  borfers  of  the  nerve-jilat«  from 
which  the  cerebro-spinal  tube  has  been  formed. 

Situation  of  the  dorsal  roots  of  the  cranial  and  spinal  nenres. 

The  probable  explanation  of  the  origin  of  nerves  from  the  neural  orest  has 
already  been  briefly  given  (p.  262).  It  Is  that  the  neural  crest  represents 
the  original  lateral  borders  of  the  nervous  plate,  and  that,  in  the  mechanical 
folding  of  the  nervous  plate  to  form  the  cerebrospinal  canal,  its  two  lateral 
borders  have  become  approximated  in  the  median  dorsal  line  to  form  the 
neural  crest.  The  Bubsequent  shifting  of  the  nerves  I  am  unable  to  explain, 
and  the  meaning  of  the  transient  longitudinal  commissure  connecting  the 
nerves  is  aW  unknown.  The  folding  of  the  neural  p}at«  must  have 
extended  to  the  region  of  th«  origin  of  the  olfactory  nervea,  so  that,  as 
just  stat«d,  there  would  be  no  special  probability  of  the  olfactory  nerves 
belonging  to  the  same  oat«goiy  as  the  other  dorsal  nerves  from  the  fact  of 
their  springing  from  the  neural  crest 
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Fisfaea."  PMletophieal  TTaniaetiotu,  ToL  clitt.  1876;  vide  tito,  A  manograph  <m  Uie 
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Quart.  J.  0/  Micr.  Seienet,  Vol.  iw.    1879. 

(356)  A.  M.  Marshall.  "On  the  head-oavities  and  aaaociated  nerves  in  Elasmo- 
braniuu."    Quart.  J.  0/  Mier.  SeUnee,  ToL  izi.    ISSl. 

{357)  0.  Schwalbe.  "DasOangUon  ocoloniotorii.''  JenaUclu  ZeiUehrift,  Vol. 
mi.    1879. 

Sympathetic  itsrvous  system. 
The  discovery  that  the  spinal  and  cranial  nerves  together  with 
their  gaQgha  were  fonned  from  the  epiblast  was  shortly  afterwards 
extendeil  to  the  sympathetic  Dervous  system,  which  has  now  been 
shewn  to  arise  in  connection  with  the  spinal  and  cranial  nerves.  The 
earliest  observations  on  this  subject  were  those  contained  in  my 
Monograph  on  Elasmobranch  Fishes  (p.  173),  while  Schenk  and 
Birdsell  (No.  361)  have  since  arrived  at  the  some  result  for  Aves 
and  Mammalia. 

In  my  account  of  the  development  of  these  ganglia,  it  is  stated  that 
they  were  first  met  with  as  small  masses  situated  at  the  ends  of 
short  branches  of  the  spinal  nerves  (fig.  27a  sy.tjr).  More  recent  inves- 
tigations have  shewn  me  that  the  sympathetic  ganglia  are  at  first 
simply  swellings  on  the  main  branches  of  the  spinal  nerves  some  way 
below  the  ganglia.  Their  situation  may  be 
understood  from  fig.  274  ey.g,  which  belongs 
however  to  a  somewhat  later  stage.  Subse- 
quently the  sympathetic  ganglia  become  re- 
moved from  the  uiaio  stem  of  their  respective 
nerves,  remaining  however  connected  with 
those  stems  by  a  short  branch  (fig.  275  sy.g). 
I  have  been  unable  to  find  a  longituaiiud 
commissure  connecting  them  in  their  early 
stages ;  and  I  presume  that  they  are  at  first 
independent,  and  become  subsequently  united 
into  a  continuous  cord  on  each  side. 

The  observations  of  Schenk  and  Birdsell 
on  the  Mammalia  seem  to  indicate  that  the 
main  part«  of  the  sympathetic  system  arise 
in  continuity  with  the  posterior  ^inal  gan- 
or.  anterior  root  ;j>r.pos-     glja;  they  also  shew  that  in  the  neck  and 

t^ii™."^"™,? S?  ran'T'     other  parts  the  sympathetic  cords  arise  as  a 
ganglion ;  mp.  part  of  mqi-  r—  1  ■      ■       v    ■         mi.        1. 

cle-piate.  continuous  ganglionic  chain.     The  ubserva- 


Fio.  274.    liOHarrnDiNAi. 
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tioQS  on  the  topc^raphical  features  of  the  development  of  the  sym- 
pathetic system  in  higher  types  are  however  an  yet  very  imperfect. 


Fia.  375.     TaiHBTiBKi  aicnoH  thbodoh  t 

■KBBYO    or    ScTLUnV    BLiaHTI.T   OUtKR   TBU4    TIO.    29  B. 

Tbe  section  is  dUgTMitinftUa  in  the  fact  that  tbe  uitarioT  nerre-roots  have  been 


ip.e.  tpiool  eord ;  tp.g.  ptnglion  of  posterior  root ;  or.  Ulterior  root ;  dn.  dorwllj 
directed  Derve'springing  from  posterior  root ;  mp.  mntcle  plate ;  mp'.  part  of  musok 
plate  alreaul;  eonierted  into  mnselee ;  mp.l.  put  of  mnsola  plate  vhioli  giTe*  rise  to 
the  luiiscleB  of  the  limbs ;  tU.  nemiB  lateralis;  aa.  aorta ;  eh.  notochord;  ty-g-  ajia- 
pttthetio  ganglion ;  ca.v.  cardinal  vein ;  tp.n.  spiokl  nerve ;  td.  segmental  (arobinephrie) 
doct ;  <(.  segmental  tnbe ;  du.  duodenum ;  pan.  panoreai ;  f^.d.  point  of  jnnotion  of 
hepatie  doot  with  daodennm ;  nine,  ombiliral  canal. 

B.B.   II.  25 
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The  later  history  of  the  sympathetic  ganglia  ia  iatimately  bouDit 
up  with  that  of  the  Bo-cailed  supra-renal  bodies,  which  are  d^t  with 
Id  another  chapter. 

Biblioohaphy  of  the  Sympathetic  Nervous  System. 

(360)  F.  U.  Balfoar.  Monograph  on  the  devtlopment  of  Elatmobranvh  Fiiher. 
IiOlldoD.  1878,  p.  173. 

(361)  B.L.  Bohenk«ndW.  B.  BitdielL  "TJeb-d-Lebre  von  d.EntwicUmiK  d. 
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CHAPTER  XVI. 
ORGANS  OF  VISION. 


Ik  the  lowest  forms  of  animal  life  the  whole  surface  is  sensitive 
to  light,  and  organs  of  vision  have  no  doubt  arisen  in  the  first 
instance  from  limited  areas  becoming  especially  sensitive  to  light  in 
conjunction  with  a  deposit  of  pigment.  Lena-like  structures,  formed 
either  as  a  thickening  of  the  cuticle,  or  as  a  mass  of  cells,  were  sub- 
sequently  formed ;  but  their  function  was  not,  in  the  first  instance,  to 
throw  an  image  of  external  objects  on  the  perceptive  part  of  the  eye, 
but  to  concentrate  the  light  on  it.  From  such  a  simple  form  of 
visual  organ  it  is  ea^y  to  pass  by  a  series  of  steps  to  an  eye  capable 
of  true  vision. 

There  are  but  few  groups  of  the  Metazoa  which  are  not  provided 
with  optic  organs  of  greater  or  lesser  complexity. 

In  a  large  number  of  instances  these  organs  are  placed  on  the 
anterior  part  of  the  head,  and  are  innervated  from  the  anterior 
ganglia.  It  is  possible  that  many  of  the  eyes  so  situated  may  he 
modifications  of  a  common  prototype.  In  other  instances  organs  of 
vision  are  situated  in  different  regions  of  the  body,  and  it  ia  clear 
that  anch  eyes  have  been  independently  evolved  in  each  instance. 

The  percipient  elements  of  the  eye  would  invariably  appear  to  be 
cells,  one  end  of  each  of  which  is  continuous  with  a  nerve,  while  the 
other  terminates  in  a  cuticular  structure,  or  indurated  part  of  the 
cell  forming  what  is  known  as  the  rod  or  cone. 

The  presence  of  such  percipient  elements  in  various  eyes  is  there- 
fore DO  proof  of  genetic  relationship  between  these  eyes,  but  merely 
of  similu'ity  of  function. 

Embryological  data  as  to  the  development  of  the  eye  do  not  exist 
except  in  the  case  of  the  Arthropoda,  Mollusca  and  Chordata.  From 
such  data  aa  there  are,  combined  with  study  of  the  adult  structure  of 
the  eye,  it  can  be  shewn  that  two  types  of  development  are  found. 
In  one  of  these  the  percipient  elements  are  formed  from  the  central 
nervous  system,  in  ttte  other  from  the  epidermis.  The  former  may 
be  called  cerebral  eyes.  It  is  probable  however  that  this  distinc- 
tion is  not,  in  all  cases  at  any  rate,  so  fundamental  as  might  be 
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supposed;  but  that  id  both  inatauces  the  eye  may  have  taken  its 
oripin  from  the  epidermis.  In  the  eyes  in  which  the  retina  is  con- 
tinuous with  the  central  nervous  system,  these  two  organs  were 
probably  evolved  simultaneously  as  differentiations  of  the  epidermis, 
and  continue  to  develop  together  in  the  ontogenetic  growth  of  the 
eye. 

Some  of  the  eyes  in  which  the  retina  is  formed  from  the  epider- 
mis have  also  probably  arisen  simultaner.usly  with  part  of  the  central 
nervous  system,  while  in  other  instances  they  have  arisen  as  later 
foi-mations  subsequently  to  the  complete  establishment  of  a  central 
nervous  system. 

Ccelenterata.     The  actual  evolution  of  the  eye  is  best  shewn  in 

the  Hydrozoa.     The  simplest  types  are  those  found  in  Oceania  and 

Lizzia  .      In  Lizzia  the  eye   is   placed   at   the   base  of  a  tentacle 

and   consists  of  (fig.  276)  a  lens   (V)   and   a   percipient   bulb   (oc). 

The  lens  is  a  simple  thickeniog  of  the  cuticle, 

while  the  percipieot  part  of  the  eye  is  formed 

of  three  kinds  of  elements: — (1)  pigment  cells; 

(2)  sense  cells,  forming  the  true  retinal  elements, 

and  consisting  of  a  central   swelling   with  the 

nucleus,  a  peripheral   process   representing    a 

hardly  differentiated  rod,  and  a  central  process 

continuous  with  (3)  ganglion  cells  at  the  base  of 

the  .eye.     In  this  eye  there  is  present  a  com- 

mencinv  differentiation  of  a  ganglion  as  well  as 

of  a  retma. 

The  eye  of  Oceania  is  simpler  than  that  of  Lizzia 
in  the  absence  of  a  lens.  Cluus  has  shewn  that  in 
Gharybdea  amongst  the  Acraspeda  a  more  highly 
differentiated  eye  ia  present,  with  a  lens  formed  of 
cells  like  the  vertebrate  eye. 

LiEEu'     EoELLiuu.  Molliisca.     lu  a  Urge  number  of  the  odon- 

(From  Irtuikesteri  kAst  tophorous  UoUusca  eyes,  innervated  by  the  supra- 
Hertvig.)  oesophageal  ganglia,  are  present  on  the  dorsal 

tiro  part  of  eye.  ^"*^  side  of  tne  h^.  These  eyes  exhibit  very  various 
degrees  of  complexity,  but  are  shewn  both  by 
their  structure  and  development  to  be  modiBcations  of  a  common 
prototype. 

The  simplest  type  of  eye  is  that  found  in  the  Nautilus,  and 
although  the  possibility  of  this  eye  being  degenerated  must  be  borne 
in  mind,  it  is  at  the  same  time  very  interesting  to  note  (Hensen) 
that  it  retains  permanently  the  early  embryonic  structure  of  the  eyes 
of  the  other  groups. 

It  has  (fig.  277  A)  the  form  of  a  vesicle,  with  a  small  opening  in 
the  outer  wall,  placing  the  cavity  of  the  vesicle  in  free  communication 

'  0.  uid  B.  Hertirig.     Dai  Ntrvintytttm  u.  Siitntiorgaru  d.  Mediutn.    Leipzig, 
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wiUi  the  exterior.  The  celU  lining  the  posterior  face  of  the  vesicle 
form  a  retina  (flj;  and  are  contiouous  with  the  fibres  of  the  optic 
nerve  (N.op).  We  have  no  knowledge  of  the  development  of  this 
eye. 

In  the  Qasteropods  the  eye  (fig  277  B)  has  the  form  of  a  closed 
vesicle:  the  cells  lining  the  inner  side  form  tiie  retina,  while  the  outer 
wall  of  the  vesicle  constitutes  the  cornea.  A  cuticular  lens  is  placed 
in  the  cavity,  on  the  side  adjoining  the  cornea.  This  eye  originates 
from  the  ectoderm,  within  the  velar  area,  and  close  to  the  supra-tBso  ■ 
phageal  ganglia,  usually  at  the  hase  of  the  tentacles.  According  to 
Rabl  (Vol,  I.  No.  268)  it  is  furmed  as  an  invagination,  the  opening 
of  which  soon  closes ;  while  according  to  Bobretsky  (Vol.  r.  No.  242J 
and  Fol  it  arises  as  a  thickening  of  the  epiblast,  which  becoming 
detached  takes  the  form  of  a  vesicle.  It  is  quite  possible  that  both 
types  of  development  may  occur,  the  second  being  no  doubt  abbre- 
viated. The  vesicle,  however  formed,  soon  acquires  a  covering  of 
pigment,  except  fur  a  smalt  area  of  its  outer  wall,  where  the  lens 
Becomes  formed  as  a  small  body  projecting  into  the  lumen  of  the 
vesicle.  The  lens  seems  to  commence  as  a  cuticular  deposit,  and 
to  grow  by  the  addition  of  concentiic  layers.  The  inner  wall  of  the 
vesicle  gives  rise  to  the  retina. 

The  most  highly  differentiated  raoUuscan  eye  is  that  of  the 
Dibranchiate  Cephalopoda,  which  is  in  fact  more  highly  organized 
than  any  other  invertebrate  eye. 

A  brief  description  of  its  adult  structure'  will  perhaps  render  more  clear 
niy  account  of  the  developmeut.  The  moat  impoi-tant  features  of  the  eye 
are  shewn  in  fig.  277  C.    The  outermost  hyev  of  the  optic  buU>  forma  a  kind 
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(After  Orenacher.) 

k.    NantilDB.    B.   Oasteropod  (Limai  or  Helix).     C.   Dibranohiate  Cephalopod. 

Pal.  ej'elid;  Co.  cornea;  Co.ep.  epithelium  of  ciliary  body;  Jr.  iiia;  Int,  /nt'... 
Int*.  differeut  p&rts  of  the  integument;  I.  lena:  I*,  outer  segment  of  lens;  R.  retina; 
N.op.  optio  nerve;  O .op.  optic  ganglion ;  i.  inner  layer  of  retina;  N.5.  nervous  atnit  11  m 


'  Vidt  Hensen.  Ztit./.  via.  Zool.  Bd.  i 
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of  cfipBiUe,  which  may  be  called  the  sclerotic.  Posteriorly  the  sclerotic  abuta 
on  the  cartilaginous  orbit,  which  encloses  the  optic  ganglion  {G.  op)  ;  and 
Id  froot  it  becomes  transpurent  and  forms  the  corsea  Co,  which  may  be 
either  completely  closed,  or  {as  represented  in  the  dia(,Tam)  perforated  by 
a  larger  or  smaller  opening.  Behind  the  cornea  is  a  chamber  known  as  the 
anterior  optic  chamber.  This  chamber  is  continued  back  on  each  side 
round  a  great  part  of  the  circnmference  of  the  eye,  and  separates  the 
sclerotic  from  a  layer  internal  to  it. 

In  the  anterior  optic  chamber  there  are  placed  (1)  the  anterior  part  of 
tlie  lens  {I')  and  (2)  the  folds  of  the  iris  (/«■}.  Tjie  whole  chamber,  except 
the  part  formed  by  the  lens,  is  lined  by  the  epidermis  (Int  1  and  Int  2). 
Bounding  the  inner  side  of  the  anterior  optic  chamber  is  a  layer  which  is 
called  the  choroid  (ItU  1)  which  is  continued  anteriorlj'  into  the  fold  of  tlip 
iris  {It).  The  moBt  soperficial  layer  of  the  choroid  is  the  e|iithelinm 
already  mentioned,  next  comes  a  layer  of  obliquely  placed  plates  known  as 
the  argentea  externa,  then  a  layer  of  muaclee,  and  finally  the  argentea 
interna.  The  ai^gentea  interna  ubute  on  a  cartilaginous  c^mule,  which 
completely  inTests  the  inner  ]>art  of  the  eye. 

The  lens  is  a  nearly  spherical  body  compo:4ed  of  concentric  lameUbe  of 
a  structureless  material.  It  is  formed  of  a  unall  outer  (^')  and  large  inner 
{T)  segment,  the  two  being  separated  by  a  thin  membrane.  It  is  supported 
by  a  peculiar  projection  of  the  wall  of  the  optic  cup,  known  as  the  ciliary 
body  (Co.e^),  inserted  at  the  base  of  the  iris,  and  mainly  formed  of  a  continua- 
tion (A  the  retina.  This  body  is  however  muscular,  and  presents  a  series 
of  folds  on  its  outer  and  inner  surfaces,  which  are  especially  developed 
on  the  latter. 

The  membrane  dividing  the  lens  into  two  parts  is  continuous  with  the 
ciliary  body.  Within  the  lens  is  the  inner  optic  chamber,  bouoded  in  front 
by  the  lens  and  the  ciliary  body,  and  behind  fay  the  retina. 

The  retina  is  formed  of  two  main  divisions,  an  anterior  division  adjoin- 
ing the  inner  optic  chamber,  and  a  iiosterior  divltion  {N.S)  adjoining  the 
cartilage  of  the  choroid.  Tlie  two  layers  are  separated  by  a  membrane. 
Passing  from  within  outwards  the  following  layerit  in  the  retina  may  be 
distii^iished  : 

(1)     Homogeneous  membrane.  1     »    .     ■       .-  ■  ■        - 

\i)    L.;.rofr„d..  \   Anterior  diYuion  of 

(3)  Layer  of  granules  imbedded  in  pigment.  ) 

(4)  Cellular  layer.  | 

(5)  Connective  tissue  layer,  r  Posterior  layer  of  retina. 

(6)  Layer  of  nerve-fibrea.     ) 

At  the  side  of  the  optic  ganglion  is  a  pecniiar  body,  known  as  Uie  white 
body  (not  shewn  in  the  figure),  which  has  the  histological  characters  of 
glandular  tissue. 

The  first  satisfactory  account  oF  the  development  of  the  eye  is 
due  to  Lankester  (No.  365).  The  more  important  features  in  it 
were  also  independently  worked  out  hy  Grenacher  (No,  363),  and 
are  beautifully  illustrated  in  Bobretzky's  paper  (No.  362).  The  eye 
first  appears  as  an  oval  pit  of  the  epiblost,  the  edge  of  which  is 
formed  hy  a  projecting  rim  (fig.  278  A).  The  epiblast  layer  lining 
the  floor  of  the  pit  soon  l>ecome8  considerably  thickened.     By  the 
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growth  iDwards  of  the  rim  the  mouth  of  the  pit  is  gradually  nar- 
rowed (fig.  278  B),  resembling  at  thia  stage  the  eye  of  Nautilus, 
and  tinaily  cloeed.  There 
id  thus  formed  a  fiatteaed 
sack,  lined  by  epiblast,  which 
may  be  called  the  primary 
optic  veaicle.  Its  cavity 
eventually  forms  the  inner 
optic  chamber.  The  an- 
terior wall  of  the  sack  is 
lined  by  a  much  less  colum- 
nar layer  than  the  posterior, 
the  former  giving  rise  to  the 
epithelium  on  the  inner  side 
of  the  ciliary  processes,  the 
latter  to  the  retina. 

The  cavity  of  the -sack  rapidly  enlarges,  and  assumes  a  spherical 
form.  At  the  same  time  a  layer  of  mesobiast  grows  in  between  the 
walls  of  the  sack  and  the  external  epiblast.  Two  new  structures  soon 
arise  nearly  simultaneously  (fig.  279), — which  become  in  the  adult 


Fio.  278.      Two  s 

VBLoriHQ   BTB    OF    1    CBPHILOFDD    1 

HE  OPTIC  CUP.   (After  Luikester.) 


g.op.  optio  gan- 


Fio.  270.  Thanbverbe  ssction  ihhoudh  tbk  hsas  of  in 
KMBBio  OF  liOi-ioo.  (After  Bobretzky.) 
git.  Balivar;  gland :  fl.i't.  viBceral  ((aDKlion ;  gc.  cerebral  ganglion 
giioD_:  adk.  optic  cartilage:  ak.  and  y.  lateral  cartilage  or  (?)  while  body;  n.  reuna; 
pm.  limitint;  membrane  of  retina;  rt.  ciliary  region  of  eye;  te.  iria ;  ac.  aaditory 
Back  (the  epithelium  lining  tbe  auditory  aacks  is  not  represented);  ce.  vana  cava; 
ff.  folds  of  funnel ;  x.  epithelium  of  tunnel. 

eye  the  iris  (cc)  and  the  posterior  segment  of  the  lens.  The  iris  is 
formed  as  a  circular  fold  of  the  skin  in  front  of  the  optic  vesicle.  It 
consists  both  of  epiblast  and  mesublast,  and  gives  rise  to  a  pit  lined 
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by  epiblast.  The  poBterior  segment  of  the  lens  ariseB  as  a  structureless 
rod-like  body,  which  is  shewn  in  fig.  279  depeuding  from  the  inner 
side  of  the  anterior  wall  of  the  optic  vesicle.  Its  exact  mode  of  origin 
is  somewhat  obscure.  The  fallowing  is  Lankester's  account  of  it': 
"It  is  formed  entirely  within  the  primitive  optic  chamber,  and  at  first 
depends  as  a  short  cylindrical  rod  from  the  middle  point  of  the 
anterior  wall  of  that  chamber,  that  is  to  aay,  from  the  point  at  which 
the  chamber  finally  closed  up.  It  grows  subsequently  by  the  depo- 
sition of  concentric  layers  of  a  homy  material  round  this  cone.  No 
cells  appear  to  be  immediately  concerned  in  affecting  the  deposition, 
and  it  must  be  looked  upon  as  an  organic  concretion,  formed  from 
the  liquid  contained  in  the  primitive  optic  chamber." 

The  lens  would  thus  appear  to  be  a  cuticular  structure.  It 
gradually  assumes  a  nearly  spherical  form;  and  is  then  composed  of 
concentrically  arranged  layers  (fig.  280  M). 

While  the  lens  is  being  formed,  the  ciliary  epithelium  of  the  optic 
vesicle  becomes  divided  into  two  layers,  an  outer  layer  of  large  cells 
and  an  inner  of  small  cells.  Both  layers  are  at  first  continuous  across 
the  anterior  wall  of  the  optic  chamber  in  front  of  the  lens,  but  soon 
become  confined  to  the  sides  (fig.  280  A,  cc  and  gz).  The  inner  layer 
is  stated  by  Lankester  to  give  rise  to  the  muscles  present  in  the 
adult.  The  mesoblast  cells  also  disappear  from  the  region  in  front 
of  the  lens,  and  the  outer  epithelium  is  converted  iato  a  kind  of 
cuticular  membrane.  By  these  changes  the  original  layers  of  cells 
in  front  of  the  lens  become  reduced  to  mere  membranes, — a  change 
which  appears  to  be  preparatory  to  the  appearance  of  the  anterior 
segment  of  the  lens.  The  formutibn  of  the  latter  has  not  been  fully 
foflowed  out  by  any  investigator  except  Bobretzky.  His  figures 
would  seem  to  indicate  that  it  is  formed  as  a  cuticular  deposit  in 
front  of  the  membrane  already  spoken  of  (fig.  280  B,  vl).  The  two 
segments  of  the  lens  appear  at  any  rate  to  be  separated  by  a  mem- 
brane continuous  with  the  ciliary  region  of  the  optic  vesicle. 

Orenacher  believes  that  the  front  paiii  of  the  Itsos  in  formed  in  a  pocket- 
libe  depreaaioD  of  tbe  epiblaatic  layer  covering  the  outer  side  of  the  opiio 
cup;  and  Lankester  thinks  that  the  lens  "pushes  its  way  through  the 
median  anterior  area  of  tbe  primitive  optic  chamber,  and  projects  into  the 
second    or  anterior    optic   chamber  where  the   iridian   fol<^   lie    clo«ely 

While  the  lens  is  attaining  its  complete  development  there 
appears  a  fresh  fold  round  the  circumference  of  the  eye,  which 
gradually  grows  inwards  so  as  to  form  a  chamber  outside  tbe  parts 
already  present.  This  chamber  is  tbe  anterior  optic  chamber  of  the 
adult.  In  most  Cephalopods  (fig.  277  c)  the  edges  of  the  fold  do  not 
quite  meet,  but  leave  a  larger  or  smaller  aperture  leading  into  the 
chamber  containing  the  iris,  outer  segment  of  the  lens,  etc  In  some 
forms  however  they  meet  and  coalesce,  and  so  shut  off  this  chamber 

'  "Derel.  of  Cepb«lopo(U."    Q.  J.  Micro.  Scien.  1875,  p.  44. 
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from  commuuicatioD  with  tlie  exterior.     The  edge  of  the  fold  coDstt- 
tutes  the  oomea  while  the  remiunder  of  it  gives  rise  to  the  sclerotic. 
The  retioa  is  at  first  a  thick  layer  of  numerous  rows  of  oval  cells 
(6g.  279).     When  the  inner  segment  of  the  lens  is  far  advanced 
towards   its  complete  forma- 
tion   pigment    becomes    de-  ^ 
posited  in  the  anterior  part 
of  the  retina,  and  a  layer  of 
rods  grows  out  from  the  sur- 
face turned  towards  the  cavity 
of  the  optic  vesicle  (fig,  280  A, 
at).    At  a  slightly  later  stage 
the    retina   becomes  divided 

into  two  layers  (Bobretzky),  a  ^ 

thicker  anterior  layer,  and  a 
thinner  posterior  layer  (fi^. 
280  H  and  H").  The  former 
is  composed  of  two  strata,  (1) 
the  rods  and  (2)  a  stratum 
with  numerous  rows  of  nuclei 
which  becomes  in  the  adult 
the  granular  layer  with  its 
pigment.  The  posterior  layer 
gives  rise  to  the  cellular  part  sa  ^ 

of  the  posterior  division  of 
the  retina,  while  layers  of 
connective   tissue   around   it 

give   rise   to   the  connective  B. 

tissue  of  this  portion  of  the 
retina  (layer  ti  in  the  scheme 

on  p.  390).    The  nervous  layer  Fia.  280.     Bectioi-8  imodoh   th«  dew- 

Is  derived  from  the  optic  gan-     lomho  ■!■  of  Louoo  a  two  biioeb.    (After 
glion  which  attaches  itself  to     BobreUky.) 

the  inner  side  of  the  connec-         *'■  ^°^  (i(«ment  of  lensj  vl.  outer  seg- 

I  ment  of  leiiB)  a  sud  a.  epithelium  liDing  toe 

tive  tissue  layer.  anterior  optic  chamber;  gi,  large  epibUst  cells 

The  greater  part  of  the    of  tmtxj  body;    cc.  biorII  epibi»st  eeiie  of 
choroid   is   formed   from  the     "j""^  ^"^V,  "«•■  i»?"  of  meBobi^t  between 
,,     .        1-   ■    ■  ,1  the  two  epiblastic  layers  of  the  oiliwy  body; 

meSOblast   adjoining    the   re-      „y  ^^  ,y/^f„,d  ^f  i^^.   ^t.  retina;   n".  inner 
tina.but  the  epithelium  cover-      layer  of  retica;   ■(.  rods;   aq.  outilage  of  the 
ing  its  outer  wall  is  of  epi-    clioioid. 
blastic  origin. 

It  is  difiScuIt  to  decide  from  development  whether  the  Molluscan 
eyes,  so  far  dealt  with,  originated  in  the  first  instance  pari  passu,  with 
the  supra-oesopbageal  ganglia  or  independently  at  a  later  period.  On 
purely  &priori  ground  I  should  be  inclined  to  adopt  the  former  alter- 
native. 

In  addition  to  the  above  eyes  there  occur  amongst  MoDusca  hi^^hly 
complicated  eyes,  of  a  very  different  kind,  in  two  widely  separated  groii{)a, 
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viz,  oBrtaiD  qteoiea  of  a.  genus  of  slug  (Onchidium),  and  certain  IdmelH- 
bnuichiata.  Theat)  eyes,  tbonjfli  they  have  no  doubt  been  evolved  indepeu- 
deutly  of  each  otjier,  present  certain  remarkable  points  of  agreement.  In 
both  of  them  the  rods  of  the  retina  are  turned  awayjrom  th«  tw/aat,  and 
the  nerve-fibres  are  placed,  as  in  the  Vei-tebrate  eye,  on  the  side  of  the  retina 
whieh/acea  outtoards. 

The  peculiar  eyes  of  Onchidium,  investigated  by  Semper',  are  scattered 
on  the  doraol  sut&ce,  there  being  normtd  eyes  in  the  usual  Biluatiou  on 
the  head.  The  eyes  on  the  dorsal  surface  are  formed  of  a  cornea,  a  It-us 
uomposed  of  1 — 7  cells,  and  a  retina  sunvunded  hy  pigment;  which  is 
perforated  in  the  centre  by  an  o|)tic  nerve,  the  retinal  elemenls  being  in 
the  inverted  positinn  above  mentioned. 

The  development  of  these  eyes  has  been  somewhat  imperfectly  studied  in 
the  adiilt^  in  which  they  continue  to  be  formed  anew.  They  arise  by  a  dif- 
ferentiation of  the  epidermis  at  the  end  of  a  papilla^  At  first  a  few  glan- 
dular Culls  ap{K.'ar  in  the  epidermis  in  the  situation  where  an  eye  is  aboat 
to  be  formed.  Then,  by  a  further  process  of  growth,  an  irr^ilar  mass  of 
epidermic  cells  becomes  developed,  which  pushes  the  glandular  cells  to  one 
side,  and  constitutes  the  rudiment  of  the  eye.  This  moss,  becoming  faur- 
rounded  by  pigment,  unites  with  the  optic  nerve,  and  its  cells  then  differ- 
entiate themselves,  in  »ila,  into  the  various  elements  <^  the  eye.  No 
explanation  ia  offered  by  Semper  of  the  inverted  position  of  the  rods,  nor 
in  any  su^ested  by  his  account  of  the  development.  As  pointed  out  by 
Semper  these  eyes  are  no  doubt  modifications  of  the  sensory  epithelium 
of  the  papillfe. 

The  eyes  of  Fecten  and  Spondylus'  are  placed  on  short  stalks  at  the 
edge  of  the  mantle,  and  are  probably  modifications  of  the  tentacular  pro- 
cesses of  the  mantle  edge.  They  are  provided  with  a  cornea,  a  cellular 
lens,  a  vitreous  chamber,  and  a  retiua.  The  retinal  elements  are  inverted, 
and  the  optic  nerve  passes  in  at  the  aide,  but  occupies,  in  reference  to  its 
ramificiitions,  the  same  relative  situation  as  the  optic  nerve  in  the  Verte- 
brate eye.      The  development  lias  unfortunately  not  yet  been  studied. 

Our  knowledge  of  the  structure  or  still  more  of  the  development  of  the 
organ  of  vision  of  the  Flatyelminthes,  Kotifera,  and  £chinodermata  ia  too 
scanty  to  be  of  any  general  inteieak 

ClUBtOpOd&<  Amongst  the  Chfetopoda  the  cephalic  eyes  of  Aldope 
(fig.  281)  have  been  adequately  investigated  as  to  their  anatomy  by  Greeff. 
These  are  provided  with  a  large  cuticular  lens  {l),  separated  from  the  retina 
by  a  wide  cavity  containing  the  vitreous  humour.  The  retina  is  funned 
of  a  single  row  of  cells,  with  rods  at  their  free  extremities,  continuous  at 
their  opposite  ends  with  uerve-fibrea.  The  development  of  thia  eye  has 
not  been  worked  out.  Eyee  no(  situated  on  the  head  are  found  in  Polyoph- 
thalmus,  and  have  probably  been  evolved  from  the  more  indifferent  type 
of  sense-organ  found  by  Eisig  in  the  allied  Oiipitellidfe. 

CiLEBtOeiiatha'.  The  paired  cephalic  eyes  of  Sagitta  are  spherical 
bodies  imbedded   in  the  epidermis.      They  are   formed  of  a  central  niass 

'  Uebtr  Stiiorgane  von  Typut  d.  Wirbelthieraugen,  etc.,  Wieaboden,  1877,  and 
Archie  f.  mikr.  Anal.  Tol.  iiv.  pp.  118—122. 

•  Vidt  HenBen  (No.  364)  and  S,  J,  Hickson,  "The  Eve  of  Pecten,"  Quart.  J.  of 
3/icr.  Seienee,  Vol.  n.  1880. 

*  0.  Hertwig.     "Dis  Chetonnathen."   Jenaitchi  Zeit»eliri/I,'V6L  xiy.     1S80. 
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of  pigment  with  three  lenses  partially  imbedded  in  it  The  outer  covering 
of  the  eye  is  the  retina,  which  ui  mainly  compoBed  of  rod-bearing  cells ; 
the  rods  being  placed  in  contact  with  the  enter  surface  of  each  of  the 
lenses.  In  the  presence  of  thrf>e  lenses  the  eye  of  Sagitta  appmachee  in 
some  respects  the  eye  of  the  Arthropoda. 

Arthropodan  ^e.  A  satiafactory  elucidatioo  of  the  phylogeoy 
of  Arthropodan  eyes  has  not  yet  been  given. 

All  the  types  of  eyes  found 
in  the  group  (with  exception 
of  that  of  Peripatus)'  present 
marked  features  of  similarity, 
but  I  am  inclined  to  view  this 
similarity  as  due  rather  to  the 
character  of  the  ezoskeleton 
modifying  in  a  more  or  lees 
similar  way  all  the  forms  of 
visual  organs,  than  to  the  de- 
scent of  all  these  eyes  from  a 
common  prototype.  In  none  of 
these  eyes  is  there  pres«snt  a 
chamber  filled  with  fluid  between 
the  lens  and  the  retina,  but  the 

space  in  question  is  filled  with         „„   .-,     „,„  "    ,_  , ,„ 

CellS.  J  niS  character  sharply  phahia  cbuii).  (From  Oegenbanr ;  after 
distinguishes   them    from   such     Greet.) 

eyes    as    those    of    Alciope    ffiir.  '-  cuticle ;  e.  contiDaation  <rf  caticle  in 

SRll       Thp  tvnpa  nf  pvpa  wh;^h      front  of  eje;    t.  lena;    A.  TitreoiiB  humour; 
zoij.     ine  types  ot  ejes  wnicn     ^  ^p(j^  ^g^^.  „.  ^jp^sion  of  the  optic 
are  round  in  the  Arthropoda  are     nerre;  6.  layer  ot  rodt;  p.  pigment  layer, 
briefly  the  following: 

(I)  Siviple  eyes.  In  all  simple  eyes  the  corneal  lens  ia  formed 
by  ft  thickening  of  the  cuticle.  Such  eyes  are  contined  to  the  Tra- 
cueata. 

There  are  three  types  of  simple  eyes,  (a)  A  type  in  which 
the  retinal  cells  are  placed  immediately  behind  the  lens,  found 
(L5wne)  in  the  larvai  of  some  Biptera  (Eristalis),  and  also  in  some 
Chilognatha. 

(6)  A  type  of  simple  eye  found  in  some  Chilopoda,  and  in  some 
Insect  larvse  (Dytiscus,  etc.)  (fig.  282j,  the  parts  of  which  are  entirely 
derived  from  the  epidermis.  There  is  present  a  lens  {1}  formed  as  a 
thickening  of  the  cuticle,  a  so-called  vitreous  humour  [gl)  formed  of 
modified  bypodermia  cells,  and  a  retina  (r)  derived  from  the  same 

'  The  eye  of  Peripatna  ia  ajmilar  neither  to  the  eye  of  the  Arthropods,  nor  to  that 

of  the  Chietopoda,  but  reBsmbleB  ninoli  more  oloaely  the  Mollaacan  eye.  The  bypo- 
dermia aod  cDtiole  Form  together  a  highly  coDvei  cornea,  witbin  which  ie  a  large  optic 
chamber,  tbe  poBlerioi  vail  of  vhich  is  fonned  by  the  retina.  The  optic  chamber  would 
appear  to  contain  a  atructureleas  Icna,  but  iC  is  poesible  that  what  I  regard  aa  a  Irna 
may,  on  fuller  inveetigation.  tnrn  out  to  be  only  a  coagnlnm. 
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source.  The  outer  ends  of  tbe  retinal  cells  terminate  in  rods,  aod 
their  iimer  ends  are  continuous  with  nerve-fibrea. 

(c)  A  type  of  simple  eye  found  in  the  Arachnida,  and  apparently 
some  Chilopoda,  and  forming  the  simple  eyes  of  most  Insects,  which 
differs  from  type  (a)  in  the  cells  of  the  retina  forming  a  dietinct 
layer  beneath  the  hypodermia;  the  latter  only  obviously  giving  rise  to 
the  vitreous  humour. 

The  development  of  the  simple  eyes  baa  not  yet  been  studied. 

The  simple  eyes  so  far  described  are  always  placed  on  tbe  head, 
and  are  usually  rather  numerous. 

(2)  Compoimd  eyes.  Compound  eyes  are  almost  always  present 
in  the  Crustacea,  and  are  usually  found  in  adult  Insects,  In  both 
groups  they  are  paired,  though  in  the  Crustacea  a  median  much  sim- 
plified compound  eye  may  either  take  the  place  of  the  paired  eyes 
in  the  Nauplius  larva  and  lower  forms,  or  be  present  together  with 
them  during  a  period  in  the  development  of  higher  forms. 

The  typical  compound  eye  is  formed  (fig.  283)  of  a  series  of 
corneal  lenses  (c)  developed  from  tbe  cuticle;  below  which  are 
placed  bodies  known  as  the  crystalline  cones,  one  to  each  corneal 
lens ;  and  below  the  crystalline  conex  are  placed  bodies  known  as  the 
retinulse  {r)  constitutmg  the  percipient  elements  of  the  eye,  each  of 
them  being  formed  of  an  axial  iW,  tbe  rhabdom,  and  a  mimber  of 
cells  surrounding  it. 

The  crystalline  cones  are  formed  from  the  coalt- scence  of  cuticular  depOKita 

in  several  cells,  the  nuclei  of  which  usually 

.  remain  as  Semper'a  nuclei.     These  cells 

"  Hre  probably  simple  hypodermia  cells,  but 

in  some  forms,  e.  g.  Fhi'onima,  there  may 

bea  coiitinuDUB  layer  of  hypodermis  cells 

between  them  and  the  cuticle.   In  various 

insect  eyes  tbe  cells  which  usually  give 

rise  to  a  cryatulliue  cone   may    remain 

distinct,  nnd  such  eyes  have  been  called 

by  Qieiiacber  aconous  eyes,  while  eyee 

with     incomjiletely    formed    crystalline 

cones  are  called  by  him  pseudoconous 

Pia.  282.     Section  THHouoB  THR      eyes. 

BixPLB   SYE  oc  *  TOON"  D"iBcuB  ^^    rhabdom  of  the  retinube  is,  like 

uBTA.        (From    Gegenbaur;    after       ,  .   ,,.  j       i        j    l  ^i. 

OrenMher.)  the  crysUlbue  cone,   develojwd  by  the 

i.  corneal   lens;   g.  vitreons  hn.      coalescence  of  a   series  of  parts,   which 

monr;  r.  retina;    u.  optic  nerve;    h,     are  primitively  separate  rods  placed  eacli 

hypodermia.  in  its  own  cell :   this  condition  of  the 

retioule  ia  permanently  retuined  in  the 

eyes  of  the  Tipulide. 

The  development  of  the  compound  eye  baa  so  far  only  been  satis- 
factorily studied  in  some  Crustacea  by  Bobretzky  (No.  367) ;  by  whom 
it  has  been  worked  out  in  Palstmon  and  Astacus,  but  more  fully  in 
the  latter,  to  which  the  following  account  refers: 
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Abtbbopod  EtB.   (From  QegeDbaur.) 

A.  SeotlOQ  Ihroogb  the  e;e. 

B.  (temeal  facets. 

C.  Two  B^pientB  of  the  e;e. 

c.  oomMl  (onticulsr)  leuBea:  r. 
retinnln  with  rhabdoma;  n.  optic 
nerve;  {|.  gangUonic  awelUDg  of  optic 


The  eye  of  Astaciis  takes  its  origin  from  two  distinct  parts,  (1)  the 
external  epidermiH  of  the  procephalic  tobea  which  will  be  spokea  of 
as  the  epidermic  layer  of  the  eye,  (2) 
a  portion  of  the  supra-oesopbageat 
ganglia,  which  will  be  spokea  of  as 
the  peural  layer  of  the  eye.  The 
mesoblaat  is  moreover  the  source  of 
some  of  the  pigment  between  the  two 
above  layers.  The  epidermic  layer 
gives  rise  to  the  corneal  lenses,  the 
crystalline  cones,  and  the  pigment 
around  the  latter.  The  neural  layer 
on  the  other  hand  seems  to  give  rise 
to  the  retinulffi  with  their  rhabdoms, 
and  to  the  optic  ganglion. 

After  the  separation  of  the  supra- 
«eaophage&l  ganglia  from  the  siiperticial 
epiblaat,  the  ceils  of  the  epidermifl  in 
the  region  uf  the  fnture  eye  become  co- 
lumnar, and  so  form  the  above-mentioned 
epidermic  layer  of  the  eye.     This  layer 

soon  becomes  two  or  three  cells  deep.  At  the  same  time  the  most 
superficial  pai-t  of  the  adjoining  sapro-cesopliageal  ganglion  beoomes  par- 
tially constricted  off  from  the  remainder  as  the  neural  layer  of  the  eye, 
but  is  separated  by  a  small  space  from  the  thickened  patch  of  epidermis. 
Into  this  space  some  mesoblast  cells  penetrate  at  a  slightly  later  period. 
Both  the  epidermic  and  neural  layers  next  become  divided  into  two  strata. 
The  outer  stratum  of  the  epidermic  layer  giv«B  rise  to  the  crystaliine  conea 
and  Semper's  nuclei;  each  crystalline  cone  being  formed  from  four  coalesced 
rods,  developed  as  cuticnlar  differentiations  of  four  cells,  the  nuclei  of  which 
may  be  seen  in  the  embryo  on  its  outer  aiile.  The  lower  ends  of  the  cones 
pass  through  the  inner  stratum  of  the  epidermic  disc,  the  cells  of  which 
become  pigmented,  nnd  conr>titut«  the  pigment  cells  surrounding  the  tower 
part  of  the  crystalline  cones  in  the  adult.  The  outer  end  of  each  of  the 
crystalline  cones  is  surrounded  by  four  cells,  believed  by  Bobretzky  to  be 
identical  with  Semper's  nuclei'.  These  cells  give  rise  in  a  later  stage 
(not  worked  out  in  Astacus)  to  the  cuticular  corneal  lensea 

Of  the  two  strata  of  the  neural  layer  the  outer  is  several  cells 
deep,  whije  the  inner  is  formed  of  elongated  rod-like  cells,  Unfot-tu- 
tiately  however  the  fate  of  the  two  neural  layera  has  not  been  worked  out, 
though  there  can  be  but  little  doubt  that  the  retinuhe  originate  from  the 
outer  luyer. 

The  mesoblast  which  grows  in  between  the  neural  and  epidermic  layers 
becomes  apigment  lajer,  and  probably  also  forms  the  perforated  membrane 
between  the  crystalline  cones  and  the  retinuls. 

The  above  observations  of  Bobretzky  would  appear  to  indicate 
that  the  paired  compound  eyes  of  Crustacea  belong  to  the  type  of 

le  confaaioQ  es  to  the  nomenclature  of  theee  porta  in 
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cerebral  ejes.  How  far  this  is  also  the  case  with  the  compound  eyes 
of  Insects  is  UDcertain,  in  that  it  is  quite  possible  that  the  latter  eyes 
may  have  had  an  independent  origin. 

The  relation  between  the  paired  and  median  eye  of  the  Crustacea 
is  also  uncertain. 

Id  tKe  genua  Eupbaasia  amongst  the  Schizopods  there  is  present  a  series 
of  eyes  pisced  on  the  sides  of  some  of  the  thoracic  1^^  and  on  the  sides  of 
the  abdomen.  The  structure  of  these  eyes,  though  not  as  yet  Ratisfiictorily 
made  out,  would  appear  to  be  very  difterent  from  that  of  other  Arthropodan 
risual  organs. 

The  Bye  of  the  Vertebrata.  In  view  of  the  various  structures 
which  unite  to  form  it,  the  eye  is  undoubtedly  the  most  complicated 
organ  of  the  Vertebrata ;  and  though  its  mode  of  development  is 
fairly  constant  throughout  the  group,  it  will  be  convenient  shortly 
to  describe  what  may  be  regarded  as  its  typical  development,  and 
then  to  proceed  to  a  comparative  view  of  the  ongia  of  its  various 
parts,  and  to  enter  into  greater  detail  with  reference  to  some  of  them. 
At  the  end  of  the  section  there  is  an  account  of  the  accessory  struc 
tures  connected  with  the  eye. 

The  formation  of  the  eye  commences  with  the  appearance  of  a 
pair  of  hollow  outgrowths  from  the  anterior  cerebral  vesicle  or  thala- 
mencephalon,  which  arise  in  many  instances,  even  before  the  closure 
of  the  medullary  canal.     These  outgrowths,  known  as  the  optic  vesi- 
cles, at  first   open   freely  into   the   cavity  of  the  anterior  cerebral 
vesicle.     From  this  they  soon  however  become  partially  constricted, 
and  form  vesicles  (fig.  284  a),  united  to  the  base  of  the  brain  by 
comparatively  narrow  hollow  stalks, 
the   rudiments  of  the  optic  nerves. 
The  constriction  to  which  the  stalk 
or  optic  nerve  is  due  takes  place  ob- 
liquely downwards  and  backwards,  so 
that  the  optic  nerves  open  into  the 
base  of  the  front  part  of  the  thala- 
mencephalon  (fig.  2S4  b). 

After  the   establishment  of   the 

optic  nerves,  there  take  place  (I)  the 

a  formation   of  the   lens,  and  (2)  the 

Pro.  284.    SicnoN  thboocih  the     formation  of  the  optic  cup  from  the 

BEAD  OF  AH  BHBBYO  Tbikobtban,  TO     wslls  of  the  primary  optic  vesicle. 

BHEw  THE  roB«ATioN  "'  T"  ""'<'  The  Bxtemal  or  supcrficial  eplblast 

after  Sctienk.)  which  covers,  and  W  m  most  forms  in 

c.  tore-brain;  n.  optic  vesicle;  6.     immediate  contact  with,  the  most  pro- 

at»lk  ot  optic  Tesiele;  d.  epidermia.         jecting   portion   of   the   optic   vesicle, 

becomes  thickened.      This  thickened 

portion  is  then  driven  inwards  in  the  form  of  a  shallow  open  pit 

with  thick  walls  (fig.  285  A,  o),  carrjing  before  it  the  front  wall  (r) 

of  the  optic  vesicle.     To  such  an  extent  does  this  involution  of  the 
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In  A  the  thin  anperfiei&l  epiblaat  h 
is  aaen  to  be  thiokened  at  x,  in  front  of 
the  optio  vesicle,  and  involnted  bo  aa 
to  form  >  pit  0,  the  month  of  which  haa 
aliesd;  b^tm  to  close  in.  Aocuiinpany- 
ing  this  involntioD,  which  forms  the 
rodiment  of  Uie  lens,  the  optic  Teaicle 
is  donbled  in,  its  front  portiua  r  being 
pnahed  against  the  back  portion 
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superficial  epiblast  take  placu,  that  the  front  wall  of  the  optic  vesicle 
IB  puabed  close  up  to  the  bind  wall, 

and  the  cavitj  of  ibe  vesicle  becomes  a.  b. 

almost  obliterated  (fig.  2S3  B). 

The  bulb  of  the  optic  vesicle  is 
thus  converted  into  a  cup  with  double 
walls,  containing  in  its  cavity  the 
portion  of  involuted  epiblast  This 
cup,  in  order  to  distinguisb  its  cavity 
from  tbat  of  the  original  optic  vesicle, 
is  geDerallv  called  the  secondary  optic 
ve»ide.  We  may,  for  the  sake  of 
brevity,  speak  of  it  as  the  opUc  cup; 
in  reality  it  never  is  a  vesicle,  since 
it  always  remains  widely  open  in 
front.  Of  its  double  walls  the  inner 
or  anterior  (fig.  285  B,  r)  is  formed 
from  the  front  portion,  the  outer  or 
posterior  (fig.  28.5  B,  w.)  from  the  hind 
portion  o"    ' 

optic  vesicle.     The  inner  or  anterior      „. ,   .    . ,„  .      . 

.*[         ,.  ■  ,.,       ,  TeMcle  18  shewn  as  still  broad. 

(r),    WDicn     very    speedily     becomee  in  B  the  optic  yosicle  is  still  further 

thicker  than  the  OUier,  is  converted      donbled  in  so  as  to  form  a  cnp  with  a 
mto  the  re.m.:  in  th,  outer  or  p»-     fTSjK^  o",S.Sp^rCr.;; 
tenor  {u),   which   remams  thin,   pig-      now   completely  dstaclied   from    the 
ment  is  eventually  deposited,  and  it     superfloial  epiWast  xti. 
ultimately   becomes    the   tesselated 
pigmeut-layer  of  the  choroid. 

By  the  closure  of  its  mouth  the  pit  of  the  involuted  epiblast 
becomes  a  completely  closed  sac  with  thick  walls  and  a  small  central 
cavity  (fig.  28a  B,  /)-  At  the  same  time  it  breaks  away  from  the 
external  epiblast,  which  forma  a  continuous  layer  in  front  of  it,  alt 
traces  of  the  original  opening  being  lost.  There  is  thus  lef^  lying  in 
the  cup  of  the  secondary  optic  vesicle,  an  isolated  elliptical  mass  of 
epiblast.  This  is  the  rudiment  of  the  lens.  The  small  cavity  within 
it  speedily  becomes  still  less  by  the  thickening  of  the  walls,  especially 
of  the  hinder  one. 

At  its  first  appearance  the  lens  is  in  immediate  contact  with  tbe 
anterior  wall  of  the  secondary  optic  vesicle  (fig.  285  B).  In  a  short 
time  however,  the  lens  is  seen  to  lie  in  tbe  mouth  of  the  cup  (fig. 
288  D),  a  space  (vk)  (which  is  occupied  by  the  vitreous  humour) 
making  its  appearance  between  the  lens  and  anterior  wall  of  the 
vesicle. 

In  order  to  understand  bow  this  space  is  developed,  tbe  position 
of  the  optic  vesicle  and  tbe  relations  of  its  stalk  must  be  borne  in 
mind. 

The  vesicle  lies  at  the  side  of  the  head,  and  its  stalk  is  directed 
downwards,  inwards  and  backwards.     The  stalk  in  fact  slants  away 
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from  the  veaicle.  Hence,  when  the  involution  of  the  lens  takes  place, 
the  direction  in  which  the  front  wall  of  the  vesicle  ia  pushed  vu  is 
not  in  a  line  with  the  axis  of  the  stalk,  as  for  simplicity's  sake  has 
been  represented  in  the  digram  (fig.  285),  but  forma  an  obtuse  ans'e 
with  that  axis,  after  the  manner  of  fig.  286,  where  a'  represents  wie 
cavity  of  the  stalk  leading  away  from  the  almost  obliterated  cavity 
of  the  primary  vesicle. 

Fig,  28fi  represents  the  early  stage  at  which  the  lens  fills  the 
whole  cup  of  the  aecoodaty  vesicle.  The  subsequent  condition  is 
brought  about  through  the  rapid  growth  of  the  walls  of  the  cup. 
This  growth  however  does  not  take  place 
equally  in  all  parts  of  the  cup.  The  walls 
of  the  cup  rise  up  all  round  except  that 
poidt  of  the  circumference  of  the  cup  which 
adjoins  the  stalk.  While  elsewhere  the  walls 
increase  rapidly  in  height,  carrying  so  to 
speak  the  lens  with  them,  at  this  spot,  which 
in  the  natural  position  of  the  eye  is  on  its 
under  surface,  there  is  no  growth :  the  wall 
is  here  imperfect,  and  a  gap  is  left.  Through 
this  gap,  which  afterwards  receives  the  name 
of  the  choroidal  fissure,  a  way  is  open 
from  the  mesoblastic  tissue  Buirouading  the 
optic  vesicle  and  stalk  into  the  interior  of 
the  cavity  of  the  cup. 

From  the  manner  of  its  formation  the 
the  optio  g^p  ^"^  fissure  is  evidently  in  a  line  with  the 
"-—"-  -'    axis  of  the  optic  stalk,  and  in  order  to  be 

'or  on  th< 

In  this  position  it  is 
of  tb«  optic  cup.  readily  recognised  in  the  embryo  seen  as  a 

transparent  object  (fig,  118  chs). 
Bearing  in  mind  these  relations  of  the  gap  to  the  optic  stalk,  the 
reader  will  understand  how  sections  of  the  optic  vesicle  at  this  stage 
present  very  different  appearances  according  to  the  plane  in  which 
the  sections  are  taken. 

When  the  head  is  viewed  from  underneath  as  a  transparent  object 
the  eye  presents  very  much  the  appearance  represented  ia  the  dia* 
gram  {iig.  287). 

A  section  of  such  an  eye  taken  along  the  line  y,  perpendicular  to 
the  plane  of  the  paper,  would  give  a  figure  corresponding  to  that  of 
fig.  288  D.  The  tens,  the  cavity  and  double  walls  of  the  secondary 
vesicle,  the  remains  of  the  primary  cavity,  would  all  be  represented 
(the  superficial  epiblast  of  the  head  would  also  be  shewn);  but  there 
would  be  nothing  seen  of  either  the  stalk  or  the  fissure.  If  on  the 
other  hand  the  section  were  taken  in  a  plane  parallel  to  the  plane  of 
the  paper,  at  some  distance  above  the  level  of  the  stalk,  some  such 
figure  would  be  obtained  as  that  shewn  in  fig.  288  E.     Here  the 
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STAOi.  (From  LiebmkUhn.) 
To  shew  the  lens  1  oocn- 
pying  the  whole  hollow  of 
the  dptio  onp,  the  iocliiiation 
ol  the  Btalk  .  '  ' 
ODp,  Kud  the 
the       '       '  ■ 
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fiaaure  /  is  obvious,  and  the  communication  of  the  cavity  vk  of  the 
secondary  vesicle  with  the  outside  of  the  eye  evident;  the  section 
of  course    would   not  go   through  the 
superficial  epiblast.     Lastly,  a  section, 
taken  perpendicular  to  the  plane  of  the  ^ 

paper  along  the  line  z,  i.e.  through  the 
nssure  itaelf,  would  present  the  appear- 
ances of  fig.  288  F,  where  the  wall  of 
the  vesicle  is  entirely  wanting  in  the 
region  of  the  fissure  marked  by  the 
position  of  the  letter  /  The  ex- 
ternal epiblast  has  been  omitted  in 
this  figure. 

With  reference  to  the  above  deBcription, 
taken  with  very  slight  alterations  from  the 
Elementg  of  Embryology,  Pt,  i.,  tno  points 
require  to  be  noticed.  Firstly  it  is  ejt- 
tremely  doubtful  whether  the  iuvagiiiatioQ 
of  the  secondary  optic  vesicle  is  to  be 
viewed  as  an  actual  mechanical  result  of 
the  ingrowth  of  the  lens.  Secondly  it 
seems  probable  that  the  choroid  fiasure  is 
not  simply  due  to  an  inequality  in  the 
growth  of  the  walls  of  the  secondaiy  optic 
cup,  bnt  ia  partly  due  to  a  doubling  up  of 
the  primary  vesicle  from  the  side  along  the  **>*. 
line  of  the  fissure,  at  the  same  time  that  "™' 
the  lens  is  being  thrust  in  in  front.  In 
Mamokalia,  the  doubling  up  involves  the 
optic  stalk,  which  becomes  flattened  (where- 
by its  original  cavity  is  obliterated)  and 
then  foldml  in  on  itself,  so  as  to  embrace 
a  new  central  cavity  continuous  with  the 
cavity  of  the  vitreous  humour.  And  in 
other  forms  a  partial  phenomenon  of  the 
same  kind  is  usually  observable,  as  is  more 
particularly  descrilied  in  the  sequel. 

Before  describing  the  development 
of  the  cornea,  aqueous  humour,  etc.  we 

may  consider  the  further  growth  of  the  parts,  whose  first  develop- 
ment has  just  been  described,  commencing  with  the  optic  cup. 

During  the  above  changes  the  mesoblast  surrounding  the  optic 
cup  assumes  the  character  of  a  distinct  investment,  whereby  the  out- 
line of  the  eye-ball  is  definitely  formed.  The  internal  porUons  of  this 
investment,  nearest  to  the  retina,  become  the  choroid  {i.e.  the  chorto- 
capUlaris,  &nd  the  lamina  futca;  the  pigment  epithelium,  as  we  have 
seen,  being  derived  from  the  epiblastic  optic  cup),  and  pigment  is 
subsequently  deposited  in  it.  The  remaining  external  portion  of  the 
inveetment  forms  the  aderoUc. 

B.  E.  II.  26 


I.  the  lens;  C  the  cavit;  of  the 
lens,  lying  in  the  hallow  of  the 
optic  oup;  r.  the  anterior,  u,  the 
poBterioi  wall  of  the  optic  cup;  c. 
ity  of  the  primarj  optic 
low  □early  obliterated.  By 
inadvertence  u  has  been  drawn  in 
some  places  thicker  than  r,  it 
should  have  been  thinner  throngh- 
ont.  *.  the  stalk  of  the  optic  cap 
with  f*  its  cavity,  at  s  lower  level 
tlian  the  cup  itself  and  theiefore 
oat  of  fooQii;  the  dotted  line  in- 
dicates the  continuity  of  the  cavity 
of  the  stalk  with  that  of  the  pri- 
mary vesicle. 

The  line  i  i,  throng  which 
the  section  shewn  in  fig.  286  F  u 
supposed  to  be  taken,  passia 
through  the  choroidal  fissure. 
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The  complete  differenliatioQ  of  these  two  coate  of  the  eye  doefl 
not  however  take  place  till  a  late  period. 

The  cavity  of  the  original  optic  vcEicle  was  left  as  a  nearly  obli- 
terated space  between  the  two  walls  of  the  optic  cup.  By  the  end  of 
the  third  day  the  obliteration  is  complete,  and  the  two  walls  are  in 
immediate  contact. 

The  inner  or  anterior  wall  is,  from  the  first,  thicker  than  the 
outer  or  posterior ;  and  over  the  greater  part  of  the  cup  this  contrast 
increases  with  the  growth  of  the  eye,  the  anterior  wall  becoming 
markedly  thicker  and  undergoing  changes  of  which  we  shall  have  to 
speak  dirtctly  (fig.  289). 

In  the  front  portion  however,  along,  so  to  speak,  the  lip  of  the 
cup,  anterior  to  a  line  which  afterwai^s  becomes  the  ora  serrata, 
both  layers  cease  to  take  part  in  the  increased  thickening,  accom- 
panied by  peculiar  histological  changes,  which  the  rest  of  Uie  cup  is 
undergoing.  Thus  a  hind  portion  or  true  retina  is  marked  off  from 
a  front  portion. 

The  front  portion,  accompanied  by  the  mesoblast  which  imme- 
diately overlies  it,  is  behind  the  lens  thrown  into  folds,  the  ciliary 
ridges;  while  further  forward  it  bends  in  between  the  lens  and  the 
cornea  to  Form  the  iris.  The  original  wide  opening  of  the  optic  cup 
is  thus  narrowed  to  a  smaller  orifice,  the  pupil;  and  the  lens,  which 
before  lay  in  the  open  mouth  of  the  cup,  is  now  inclosed  in  its  cavity. 
While  in  the  hind  portion  of  the  cup  or  retina  proper  no  deposit  of 


eh.  Qoilow  of  optio  enp  filled  vith  ntrmne  hnmoiir;  other  letters  $, _ 

(After  Bemak.) 

E.  Section  taken  parallel  to  the  plane  of  the  paper  throngh  fli;.  2B7,  bo  far  behind 
the  &0Dt  Burfaoe  of  the  eye  as  to  shave  ofF  a  amall  portion  ol  the  poaterior  anrfaee  of  the 
lens  I,  but  not  no  far  behind  as  to  be  carried  at  all  throng  the  stalk.  Letters  as 
before;  /.  the  choroidal  fis8ni«. 

F.  fieotion  along  the  line  a,  perpendicalar  to  the  plane  of  the  paper,  to  shew  the 
choroidal  fiBHurejJ',  and  the  continuity  of  the  oavity  of  the  optic  Htalk  irith  that  of  the 
primary  optic  vesicle.  Had  this  section  been  taken  a  liLtle  to  one  side  of  the  line  a, 
the  wail  of  the  optic  cup  wonld  have  extended  up  to  the  lens  below  at  well  as  aboTs. 
Letters  as  before.    The  external  epiblast  is  omitted  in  this  section. 

black  pigment  takes  place  in  the  layer  formed  out  of  the  inner  or 
anterior  wall  of  the  vesicle ;  in  the  front  portion  forming  the  region 
of  the  iris,  pigment  is  largely  deposited  throughout  both  layers, 
though  first  of  all  in  the  outer  one,  so  that  eventually  this  portion 
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seems  to  become  Dotbing  more  than  a  forward  proloagatioD  of  the 
pigment  epithelium  of  the  choroid. 

Thus,  while  the  hind  moiety  of  the  optic  cup  becomes  the  retina 
proper,  iucluding  the  choroid-pigment  in  which  the  rode  and  conee 


Fio.  389.    SicTioK  or  thi  bib  or  Ch:ck  it  the  podbth  dai. 

r.p.  saperfidalepiblagt  of  the  ude  of  the  head;  it.  trae  retina:  BDl«rior  wall  of  the 
Ofitio  onp;  fX'A.  pigment-epitheliuni  of  the  choroid :  posterior  vail  of  the  optio  eap. 
6  IB  placed  at  the  extreme  Up  of  the  optio  oap  at  wh&t  will  become  the  margin  of  the 
irig.  I.  the  lens.  The  hind  wall,  the  naelei  of  vhoM  elongated  oelU  are  afaewn  at  nl, 
nov  fonoH  nesil;  the  whole  mass  of  the  lens,  the  front  wall  being  redaoed  to  a  layet  of 
flattened  calls  el,  m,  the  meBoblaBt  aoiroandinff  the  optio  oup  and  abont  to  fonn  the 
choroid  and  sclerotic  It  is  seen  to  pau  forward  between  the  Jip  of  the  optie  oup  and 
the  superficial  epiblast. 

Filling  np  a  hrge  part  of  the  hollow  of  the  optic  cnp  is  seen  a  hyaline  masB,  the 
rndimant  of  the  hjaloid  membiaoe,  and  of  the  cosKtilnm  of  the  Titreon«  humour,  jr.  In 
the  neigbboorhood  of  the  lens  it  seems  to  be  continaons  as  at  el  with  the  tiseua  a,  which 
appears  to  be  the  rttdiineut  of  the  capsule  of  the  lens  and  Buspensory  ligament- 
are  imbedded,  the  front  moiety  ia  converted  into  the  ciliary  portion 
of  the  retina,  covering  the  ciliary  processes,  and  into  the  uvea  of  the 
iris ;  the  bodies  of  the  ciliary  procesaes  and  the  substance  of  the  iris, 
their  vessels,  musdes,  connective  tissue  and  ramified  pigment,  being 
derived  from  the  mesoblastic  choroid.  The  margin  of  the  pupil  marks 
the  extreme  lip  of  the  optic  vesicle,  where  the  outer  or  posterior  wall 
turns  round  to  join  the  inner  or  anterior. 

The  ciliary  muscle  and  the  ligamentum  pectinatum  are  both 
derived  from  the  meaoblast  between  the  cornea  and  the  iris. 
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The  Betina.  At  first  the  two  walls  of  the  optic  cup  do  not  greatly 
differ  in  tliickneBs.  On  the  third  day  the  outer  or  posterior  hecomes 
much  thinner  than  the  inner  or  aDterior,  and  by  the  middle  of  the 
fourth  day  is  reduced  to  a  single  layer  of  flatttened  cells  (fig.  289 
p.Ch).  At  about  the  80th  hour  its  cells  commence  to  receive  a  deposit 
of  pigment,  and  eventually  form  the  so-called  pigmentaiy  epithelium 
of  the  choroid ;  from  them  no  part  of  the  true  retina  (or  no  other  part 
of  the  retina,  if  the  pigment-layer  in  question  be  supposed  to  belong 
more  truly  to  the  retina  than  to  the  choroid)  is  derived. 

On  the  fourth  day,  the  inner  (anterior)  wall  of  the  optic  cup 
(fig.  289  R)  has  a  perfectly  uniform  structure,  being  composed  of 
elongated  somewhat  spindle-shaped  cells,  with  distinct  nuclei.  On  its 
external  (posterior)  surface  a  distinct  cuticular  membrane,  the  mem- 
brana  limitans  externa,  early  appears. 

As  the  wall  increases  in  thickness,  its  cells  multiply  rapidly,  80 
that  it  soon  becomes  several  cells  thick :  each  cell  being  however 
probably  continued  through  the  whole  thickness  of  the  layer.  The 
wall  at  this  stage  corresponds  closely  in  its  structure  with  the  brain, 
of  which  it  may  properly  be  looked  upon  as  part.  According  to  the 
usual  view,  which  is  not  however  fully  supported  by  the  development, 
the  retina  becomes  divided  in  the  Bubiiequent  growth  into  (1)  an  outer 
part,  corresponding  morphologically  to  the  epithelial  lining  of  the 
cerebro-spinal  canal,  composed  of  what  may  be  called  the  visual  cella 
of  the  eye,  i.e.  the  cells  forming  the'  outer  granular  (nuclear)  layer 
and  the  rods  and  cones  attached  to  them;  and  .(2)  an  inner  portion 
consisting  of  the  inner  granular  (nuclear)  layer,  the  inner  molecular 
layer,  the  ganglionic  layer  and  the  layer  of  nerve-fibres  corresponding 
morphologically  to  the  walls  of  the  brain.  According  to  Lowe,  how- 
ever, only  the  outer  limbs  of  the  rods  and  cones,  which  he  holds  to 
he  metamorphosed  cells,  coiTespond  to  the  epithelial  layer  of  the 
brain. 

Tho  actual  development  of  the  retina  is  not  thoroughly  underatood. 
According  to  the  usual  atatementH  (Kolliker,  No.  298,  ]>.  693)  the  layer  of 
ganglion  cella  and  the  innur  molecular  layer  are  first  differentiated, 
wliile  the  remaining  cells  give  rise  to  the  rest  of  the  retina  proper,  and 
are  bounded  externally  by  the  membratia  limitans  externa.  On  the  inner 
side  of  the  gimglianic  layer  the  stratum  of  nerve-libres  is  alno  very  enrly 
established.  The  nxia  and  cones  are  formed  as  prolongations  (Kolliker, 
Babuchin),  or  cuticuUrizations  (Schultze,  W.  Milller)  of  the  cella  which 
eventually  form  the  outer  granular  layer.  The  layer  of  cells  external  to 
the  molecular  layer  is  not  divided  till  comparatively  late  into  the  inner 
and  outer  granvdar  (nuclear)  layers,  and  the  iuterpused  outer  molecular 
layer. 

Ijiiwe's  account  of  the  development  of  the  retina  in  the  Babbit  ia  in  many 
points  different  from  the  above.  He  finds  that  three  stages  in  thedifferen- 
ti&tion  of  the  layers  of  the  retina  may  be  diatinguished. 

In  the  first  stage,  in  an  embryo  of  four  orfive  millimetres,  the  following 
layers  are  present,  oimmeiicing  at  the  outer  rade,  adjoining  the  external 
wall  of  the  secondary  optic  cup. 
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(1)  A.  memlmuie,  which  does  not  however,  aa  usually  believed, 
become  the  membraQa  limitaiu  externa. 

(2)  A  layer  tS  clear  elements,  derived  from  metamnrphoeed  cells, 
cunstitutiiig  the  outer  limbs  of  the  rods  and  corn's. 

(3)  A  layer  of  dark  rounded  elementa 

(4)  An  iadistinctly  striated  layer,  the  future  layer  of  nerve-tibres. 
The  third  of  these  layers  gives  rise  to  all  the  eventual  strata  of  the 

retina  proper,  except  the  outer  liinbit  of  the  r[>ds  and  couea. 

In  the  next  sta^e,  when  the  embryo  has  reached  a  length  of  3  cm.,  this 
layer  becomes  divided  into  three  utrata:  viz.  an  uutnr  and  inner  layer  of 
dark  elements  and  a  middle  one  of  clearer  elemeuts.  The  two  inner  of  thes« 
layers  become  respectively  the  inni-r  molecular  layer  and  the  layer  of  gau- 
glion  cells,  while  the  outer  layer  gives  rise  to  the  parts  of  the  retina  external 
to  the  inner  molecular  layer, 

In  the  newly  born  animal  the  outer  darker  layer  of  the  previous  sta^ 
has  become  couniJerably  subdivided.  Its  outermost  part  forms  a  stratum  of 
darkly  coloured  elements,  which  develop  iuto  the  inner  limbs  of  the  rods 
and  cones.  It  is  bounded  internally  by  a  membrane — the  true  niembrana 
elaatica  externa.  The  part  of  the  layer  within  this  is  soon  divided  into  the 
outer  and  inner  granular  layers,  separated  from  each  other  by  the  delicate 
outer  molecular  layer.  Thus,  shortly  after  birth,  all  the  layers  of  the  retina 
are  established  in  the  Rabbit,  It  is  important  to  notice  that,  according  to 
Lowe's  views,  the  outer  and  inner  limbs  of  the  rods  and  cones  are  metamor- 
phosed cells.  The  outer  limbs  at  first  form  a  oontiuuoug  layer,  in  which 
separate  elements  cannot  be  recognised. 

At  a  very  early  period  there  appears  a  membrane  on  the  side  of  the 
retina  adjoining  the  vitreous  humour.  This  membrane  is  the  hyaloid  mem- 
brane. The  investigations  of  Kessler  and  myself  lead  to  the  cuiiclnaion  that 
it  may  be  formed  at  a  time  wlien  there  is  no  truce  of  mesoblastic  structures 
in  the  cavity  of  the  vitreous  hiimour,  and  that  it  is  therefore  necessiirily 
developed  as  a  cutLLular  dejKisit  of  the  cells  of  the  Ojitic  cup.  Lieberkllhn, 
A.rnold,  Lowe,  and  other  authors  regaril  it  howeier  as  a  mfsoblantic 
product;  and  Kolliker  believes  that  a  primitive  membrane  is  developed 
fn>m  the  cells  of  the  optic  cup,  and  thut  a  true  hyaloid  membrane  is  deve- 
loped much  later  aa  a  product  of  the  mettoblast. 

For  fuller  information  on  this  subject  the  reader  is  referi-ed  to  the 
authors  quoted  above. 

The  optic  nerre.  The  optic  nerves  are  derived,  as  we  have  said, 
from  the  at  first  liuUow  stalka  of  tbe  optic  vesicles.  Their  cavities 
gradually  become  obliterated  by  a  thickening  of  the  walls,  the 
obliteration  proceeding  from  tbe  retinal  end  inwards  towards  the 
bralD.  Whife  the  proximal  ends  of  the  optic  stalks  are  stilt  hollow 
the  rudiments  of  the  optic  cbiasma  are  formed  from  fibres  at  the  roots 
of  the  stalks,  the  fibres  of  the  one  stalk  growing  over  iuto  the 
attachmeut  of  the  other.  The  decussation  of  the  fibres  woiild 
appear  to  be  complete.  The  fibres  arise  iu  the  remainder  of  the 
nerves  somewhat  kter.  At  first  the  optic  nerve  is  oiually  con- 
tinuous with  both  walls  of  tbe  optic  cup ;  as  must  of  necessity  be 
the  case,  since  the  interval  which  primarily  exists  between  the  two 
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walls  ia  continuous  with  the  cavity  of  the  stalk.  When  the  cavity 
within  the  optic  nerve  vaDishes,  and  the  hbres  of  the  optic  nerve 
appear,  all  connection  is  ruptured  between  the  outer  wall  of  the 
optic  cup  and  the  optic  nerve,  and  the  optic  nerve  simply  perforates 
tne  outer  wall,  aud  becomes  contiouous  with  the  inner  one. 

There  does  not  appear  to  me  any  ground  for  doubting  (as  has  been 
done  by  His  and  Kolliker)  that  the  fibres  of  the  optic  nerve  are 
derived  from  a  differentiation  of  the  epithelial  cells  of  which  the 
nerve  is  at  first  formed. 

Choroid  Fiflsore.  With  reference  to  the  choroid  fissure  we  may 
state  that  its  behaviour  varies  somewhat  in  the  diSerent  types.  It 
becomes  for  the  greater  part  of  its  extent  closed,  though  its  prozimal 
end  ia  always  perforated  by  the  optic  nerve,  ajid  in  many  forms  by  a 
mesoblastic  process  also. 

The  lens  when  first  formed  is  an  oval  vesicle  with  a  small  central 
cavity,  the  front  and  hind  walls  being  of  nearly  equal  thickness, 
and  each  consisting  of  a  single  layer  of  elongated  columnar  cells.  In 
the  subsequent  stages  the  mode  of  growth  of  the  hind  wall  is  of 
precisely  an  opposite  character  to  that  of  the  front  wall.  The  hind 
wall  becomes  much  thicker,  and  tends  to  obliterate  the  central  cavity 
by  becoming  convex  on  its  front  surface.  At  the  same  time  its  cells, 
still  remaining  as  a  single  layer,  become  elongated  and  fibre-like. 
The  front  wall  on  the  contrary  becomes  thinner  and  thinner  and  its 
cells  flattened. 

These  modes  of  growth  continue  until,  as  shewn  in  fig.  289,  the 
hind  wall  I  is  in  absolute  contact  with  the  front  wall  el,  and  the 
cavity  thus  becomes  entirely  obliterated.  The  cells  of  the  hind  wall 
have  by  this  time  become  veritable  fibres,  which,  when  seen  in  section, 
appear  to  be  arranged  nearly  parallel  to  the  optic  axis,  their  nuclei 
id  being  seen  in  a  row  along  their  middle.  The  front  wall,  somewhat 
thickened  at  either  side  where  it  hecoraes  continuous  with  the  hind 
wall,  is  now  a  single  layer  of  flattened  cells  separating  the  bind  wall 
of  the  lens,  or  as  we  may  now  say  the  lens  itself,  from  the  front  hmb 
of  the  lens-capsule  ;  of  the  latter  it  becomes  the  epithelium. 

The  subsequent  changes  undergone  consist  chiefiy  in  the  con- 
tinued elongation  and  multiplication  of  the  lens-fibres,  with  the 
partial  disappearance  of  their  nuclei. 

During  tneir  multiplication  they  become  arranged  in  the  manner 
characteristic  of  the  adult  lens  of  the  vu-ious  forms.  The  lens-capsule, 
as  was  originally  stated  by  Kolliker,  appears  to  be  formed  aa  a  cuticu- 
lar  membrane  deposited  by  the  epithelial  cells  of  the  lens. 

The  views  of  Lieberkahn,  Arnold,  Lowe  and  others,  according  to 
which  the  lens-capsule  in  a  mesoblastic  etructure,  do  not  appear  to  be  well 
founded.  Tlie  contrary  view,  held  by  Kolliker,  Kessler,  etc.,  is  supported 
mainly  by  the  fact  that  at  the  time  when  the  lens-capsule  first  appears 
there  are  no  mesoblast  cells  to  give  ri»!e  to  it.  It  should  however  be  stiited 
that  W.  Mdller  has  actually  found  cellular  elements  in  what  he  believes  to 
be  the  tens-capaule  of  the    Ammoorate  lens.     Considering  the  d^p^ded 
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chantcter  of  the  Ammoc<Bte  eye,  evidence  derived  from  its  atmctui-e  must 
be  accepted  with  cautitm. 

The  Titnons  hnmoor.  The  vitreonx  humour  is  derived  (except 
in  CycloatomataJ  from  a  va'^cular  ingrowth,  which  differa  considerably 
ia  different  types,  through  the  choroid  slit.  Its  real  nature  is  very 
much  disputed.  According  to  Kessler's  view,  it  ia  of  the  nature  of  a 
tiuid  transudation,  but  the  occasional  presence  in  it  of  ordinary  em- 
bryonic mesoblast  cells,  in  addition  to  more  numerous  blood-corpus- 
cles, gives  it  a  claim  to  be  regarded  as  intercellular  substance.  The 
number  of  cells  in  it  is  however  at  best  extremely  email  and  in  many 
cases  there  is  no  trace  of  them.  In  Mammals  there  appear  to  be  some 
mesoblast  cells  invaginated  with  the  lens,  which  are  not  improbably 
employed  in  the  formation  of  the  vessels  of  the  so-called  membrana 
capsulo-pupillaris.  In  the  Ammocoete  the  vitreous  humour  originates 
from  a  distinct  mesoblastic  ingrowth,  though  the  cells  which  give 
rise  to  it  subsequently  disappear. 

The  development  of  the  sonula  of  Zinn  in  Mammalia,  which  ought  to 
throw  some  light  on  the  nature  of  the  vitreous  humour,  has  not  been  fully 
investigated.  According  to  Lieberkilhn  (No.  373,  p.  43),  this  structure 
appears  in  haif-grown  embryos  of  the  sheep  and  calf. 

He  says  "  At  the  point  where  the  ciliary  processes  and  the  ciliary 
\YKTt  of  the  retina  are  entirely  removed,  one  sees  in  tbe  meridian  bundles 
of  fine  fibres,  which  ooiTespond  to  the  i^lleys  between  the  ciliary  pm- 
ces-«B  and  fill  them ;  also  Ifetwecn  these  bimdles  there  extend,  as  a  thin 
layer,  similar  finely  striated  masses,  and  these  would  have  been  on  the 
top  of  the  ciUary  processea."  He  further  states  that  these  fibres  may  be 
traced  to  the  anterior  and  posterior  limb  of  the  lens-capsule,  and  that 
amongst  them  are  nuinerous  cells.  Knlliker  confirms  lieberkdhu'a  state- 
meutii.  There  can  be  little  doubt  that  the  fibres  of  tbe  zonula  are  of  the 
nature  of  connective  tissue  :  they  ai'e  stated  to  be  elastic.  By  Lowe  they 
are  believed  to  be  developed  out  of  the  substance  of  the  vitreous  humour, 
but  this  does  not  a]>pear  to  me  to  follow  from  the  observatioos  hitherto 
made.  .  It  seems  quite  possible  that  they  arise  from  mesoblast  cells  which 
have  giv^wn  into  the  cavity  of  the  vitreoua  humour,  solely  in  connection 
with  their  production. 

The  integral  parts  of  the  eye  in  front  of  the  lens  are  the  cornea, 
the  aqueous  humour,  and  the  iris.  The  development  of  the  latter 
has  already  been  described,  and  there  remain  to  be  dealt  with  the 
cornea,  and  the  cavity  containing  the  aqueous  humour. 

The  cornea.  The  comea  is  formed  by  the  coalescence  of  two 
structures,  viz.  the  epithelium  of  tbe  comea  and  the  comea  proper. 
The  former  is  directly  derived  from  the  external  epiblast,  which 
covers  the  eye  after  the  inv^nation  of  the  lens.  The  latter  is  formed 
in  a  somewhat  remarkable  manner,  first  clearly  made  out  by  Ress- 
ler. 

When  the  lens  is  completely  separated  from  the  epidermis  its  outer 
wall  is  directly  in  contact  with  the  external  epiblast  (future  corneal 
epithelium).     At  its  edge  there  is  a  small  ring-sbaped  space  bounded 
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by  the  outer  skin,  the  leoe  and  the  .edge  of  the  optic  cup.  Id  the 
chick,  which  we  may  take  as  typical,  there  appears  at  about  the  time 
when  the  cavity  of  the  lens  is  completely  obliterated  a  structureless 
layer  external  to  the  above  ring-like  space  and  immediately  adjoining 
the  inner  face  of  the  epiblaet  This  layer,  which  forms  the  com- 
mencement of  the  cornea  proper,  at  first  only  forms  a  ring  at  the 
border  of  the  lens,  thickest  at  its  outer  edge,  and  gradually  thinning 
off  to  nothing  towards  the  centre.  It  soon  however  becomes  broader, 
and  finally  forms  a  continuous  stratum  of  considerable  thickness, 
interposed  between  the  external  skin  and  the  lens.  Ar  soon  as  this 
stratum  has  reached  a  certain  thickness,  a  layer  of  flattened  cells 
grows  in  along  its  inner  side  from  the  mesoblast  surrounding  the 
optic  cup  (fig.  290,  dm).    This  layer  is  the  epithelioid  layer  of  the 


Via.  290.     Section  TBROVoa  the  ete  or  a  Fowi.  on  tub  eiobtu  dii 

UENT,  TO  SHEW  THE  IHIH  kSD  COBNEA  W  THE  PKOCEBS  <3t  FOBHATION.        (After  Eesaler.) 

ep.  epiblastic  epithelium  of  oomea;  cc.  corneal  corpuBclea  fciowiiig  into  the  atrnc- 
turelesE  matrii  of  the  comea;  dm.  Desoeraet's  membrane;  Jr.  im;  eb.  meBoblast  of 
the  iria  (tbia  leterence  letter  points  a  little  too  high). 

The  apaoe  between  the  lasers  dm.  and  tp.  \»  filled  with  the  HtmctiireleeB  tnatrii  of 
the  cornea. 

membrane  of  Descemet.  After  it'  has  become  completely  esta- 
blished, the  mesoblast  around  the  edge  of  the  cornea  becomes  divided 
into  two  strata;  an  inner  one  (fig.  290  ch)  destined  to  form  the 
mesoblastic  tissue  of  the  iris  already  described,  and  an  outer  one 
(fig.  290  cc)  adjoining  the  epidermis.  The  outer  stratum  gives'  rise  to 
the  corneal  corpuscles,  whicb  are  the  only  constituents  of  the  cornea 
not  yet  developed.  Tbe  corneal  corpuscles  make  their  way  through  the 
structureless  corneal  iayer,  and  divide  it  into  two  strata,  one  adjoining 
the  epiblast,  and  the  other  adjoining  the  inner  epithelium.  The  two 
strata  become  gradually  thinner  as  the  corpuscles  invade  a  larger 
and  larger  portion  of  their  substance,  and  finally  the  outeiinost  portion 
of  them  alone  remains  as  the  membrana  elaetica  anterior  and  pos- 
terior (Descemet's  membrane)  of  the  cornea.  The  corneal  corpuscles, 
which  have  grown  in  Irom  the  sides,  thus  form  a  layer  which  becomes 
continually  thicker,  and  gives  rise  to  the  main  substance  of  the  cornea. 

'  It  appears  to  me  poaaible  that  Lieberktlhii  ma;  be  right  iu  atating  that  the 
epithelinm  of  Deecemet'a  aembrsoe  grows  in  between  the  lens  and  the  epiblast  before 
the  formation  of  the  cornea  proper,  and  that  Keaaler's  account,  given  above,  may  on 
this  puint  reqnire  oorreotion.  From  tbe  atruetDre  of  the  eye  iu  the  Ammocnte  it 
aeema  probable  that  Deacemet's  membrane  is  continnons  with  the  choroid. 
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Whether  the  increase  in  the  thickness  of  the  layer  is  due  to  the 
immigr&tion  of  fresh  corpuscles,  or  to  the  diviaion  of  those  already 
there,  is  not  clear.  After  the  cellular  elements  have  mode  their  way 
into  the  coraea,  the  latter  becomes  continuous  at  its  edge  with  the 
mesoblaat  which  forms  the  sclerotic. 

The  derivation  of  the.  original  stiiictureleBs  layer  of  ibe  cornea  is  still 
uncertain.  Kes^er  derives  jt  from  the  epiblaitt,  but  it  appears  to  me  more 
probable  that  Kiilliker  is  right  in  regarding  it  as  derived  from  (he  meso- 
blaat. The  ground:)  for  this  view  are,  (1)  the  fact  of  its  growth  inwurda 
from  the  border  of  tlie  mesoblast  round  the  edge  of  the  eye,  (2)  the  peculiar 
relations  between  it  and  the  corneal  corpuaeles  at  a  later  period.  This 
view  would  receive  still  further  aujiport  if  a  layer  of  meaoblast  between 
the  lens  and  the  epiblaet  were  really  present  as  believed  by  Lieberkiihn. 
It  must  however  be  admitted  tbat  the  objections  to  Kessler's  view  of  its 
epiblaatic  nature  are  rather  a  priori  than  founded  on  definite  observation. 

The  observations  of  Keesler,  which  have  been  mainly  followed  in  the 
alKive  accouut,  are  BtrouRly  opi>OSed  by  LieberkUhn  (No.  374)  and  Arnold 
(No.  370),  and  are  not  entirely  accepted  by  Kiilliker.  It  is  especially  on 
the  developmeDt  of  these  parts  in  ManiiiialJa  (to  be  ajiuken  of  in  the 
sequel)  that  the  above  authors  found  their  objectiuus.  I  have  had  through 
Kessler"!!  kinduesa  an  opportunity  of  looking  through  some  of  bis  beautiful 
prepartttioDs,  and  have  no  hesitation  in  generally  accejiting  his  conclusions, 
though  as  mentioned  above  I  cannot  agree  with  all  his  interpretations. 

The  aqiiecras  hmnoTtr,     The  cavity  for  the  aqueous  humour  has 

its  origin  in  the  ring-ahaped  space  round  the  front  of  the  lens, 
which,  as  already  mentioned,  is  bounded  by  the  external  skin,  the 
edge  of  the  optic  cup,  and  the  lens.  By  the  formation  of  the  cornea 
this  space  is  shut  off  from  the  external  skin,  and  on  the  appearance 
of  the  epithelioid  layer  of  Descemet's  membrane  a  continuous  cavity 
is  developed  between  the  cornea  and  the  lens.  This  cavity  enlai^ea 
and  receives  its  final  form  on  the  full  development  of  the  iris. 

Covtpamtive  dew  of  the  development  of  the  Vertebrate  Eye. 

The  organ  of  vision,  when  not  Sfcoudarily  aborted,  contains  in  all 
Vertebrata  the  essential  parts  above  described.  The  most  interesting  cases 
of  partial  degeneration  are  those  of  Myxiue  and  thii  Ammoctete.  The 
development  of  such  aborted  oyes  has  as  yet  been  studied  only  in  the 
Ammoctste',  in  which  it  resembles  in  most  important  features  that  of 
other  Vertebral  a. 

I^e  of  AmiQOCCBtOB.  "^he  optic  veaicle  arises  as  an  outgrowth  of  the 
fore-braiu,  but  the  secondary  optic  cup  is  remarkable  in  the  young  larva  for 
its  smalt  size  (fig.  29 1  opv).  The  thicker  outer  wall  gives  rise  to  the  retina, 
and  the  thinner  inner  wall  to  the  choroid  pigmeut.  The  lens  is  formed 
as  an  invagination  of  the  single- layered  e|)iJei'mia  (fig.  291  /).  'As  develop 
ment  proceeds  the  purts  of  the  eye  giadually  enlarge,  and  the  meboblaj^t 
around  the  hinder  and  dorsal  part  of  tlie  optic  cup  beconiea  pigmented. 
There  is  at  first  no  cnvity  for  the  vitreous  humour,  but  eventually  tbe 

'  The  most  dtt«iled  account  in  that  of  W.  Miiller  {No.  377). 
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growth  of  the  optic  cup  givea  rixe  to  a  apace,  into  which  tt  cellnlar  process 
of  niesoblast  grows  at  a  slight  notch  in  the  ventral  edge  of  the  optic  cu|> 
(W,  Muller,  No.  377).     This  notch  is  the  only  rudiment  of  the  choroid 
fissure   of  other  types.     The  mesoblastic 
process  is  probably  the  howologue  of  the 
.  prooessiiB  falciformis  and  pecten,  and  ap- 

pears to  give  rise  to  the  vitreous  hamour; 
for  a  long  time  It  retains  its  connection 
with  the  surrounding  mesobtast.    Its  cells 
.  *(  eventually  disappear,  and  it  never  contains 

any  vaaeular  structures. 

The  lens  for  a  long  time  remains  ss 
an  oval  vesicle  with  a.  central  cavity.  In 
a  later  stage,  when  the  Aramocrate  is  fully 
developed,  the  secondary  optic  cup  forms 
a  deep  pit  (fig.  292  r) ;  in  the  mouth  of 
~'  which  is  placed  the  lens  {I).      The  two 

walls  of  the  retina  have  now  the  normal 
vertebrate  structure,  though  the  pigment 
is  as  yet  imperfectly  present  in  the  cho- 
"  I.  291.  HoRizoKTAL  BBCTioM  fold  Uyer.  Thc  lena  has  the  embryonic 
Tv/^Ps'bS^Z  forms  of  higher  typ^  (cf.  fig.  289)  con- 
I  DETBu>FMBiiT  Of  TBE  Bititmg  of  ao  uiuer  thicker  segment,  the 
LBHs  OF  THs  EiE.  truo  Icos,  aud  an  outer  layer  forming  the 

ih.c.  tholanieiicephalon ;  op.v.  epithelium  of  the  lens  capsula  The  edge 
optio  veucle;  I.  lens  ot  eye;  h.c.  of  the  optic  cup,  which  forms  the  rudi- 
head  c&vit;.  jj^^^j  ^^  ^^  epibiast  of  the  iris,  is  imper- 

fectly separated  from  the  remainder  of 
the  optic  cup;  and  a  mesoblastic  element  of  the  iris,  distinct  from  Desce- 
met's  membrane  {dni),  can  hardly  be  spoken  of. 

There  is  no  cavity  for  the  aqueous  humour  in  front  of  the  lens ;  and 
there  is  no  cornea  as  distinct  from  the  epidermis  and  subepidermic  tissues. 
The  elements  in  front  of  the  lens  are  (1)  theepidermis  (ep) ;  (2)thedermis 
(de) ;  (3)  the  subdermal  connective  tissue  itde)  which  pusses  without  any 
sharp  line  of  demarcation  into  the  dermis ;  (4)  a  thick  membrane,  con- 
tinuous with  the  mesoblastic  part  of  the  choroid,  which  appears  to  represent 
Descemet's  membrane.  The  subdermal  connective  tissue  is  continued  as 
an  investment  round  thc  whole  eye ;  and  there  is  no  difiereutiated  sclerotic 
and  only  an  imperfect  choroid. 

In  a  still  later  stage  a  distinct  mesoblastic  element  for  the  iris  is 
formed.  When  the  Ammoccete  is  becoming  a  Lamprey,  the  eye  approaches 
the  surface ;  an  anterior  chamber  is  established ;  and  the  eye  diSers 
from  that  of  the  higher  ty]>es  mainly  in  the  fact  that  the  cornea  is  hardly 
distinguished  from  the  remainder  of  the  skin,  and  that  a  sclerotic  is  very 
imperfectly  represented. 

Optic  Tesicles.  The  development  of  the  primitive  optic  vesicles,  so 
far  as  is  known,  is  very  constant  throHgliout  the  Vertebrata.  In  Teleostei 
and  Lepidosteus  alone  is  there  an  important  deviation  from  the  ordinary 
type,  dependent  however  upon  the  mode  of  formation  of  the  medullary 
keel,  the  optic  vesicles  arising  while  the  medullary  keel  is  still  solid,  and 
being  at  first  also  solid.  They  subsequently  acquire  a  lumen  and  undergo 
the  ordinary  changes. 
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Ym.  292.    EiE  op  am  AMiiMxma  uraia 

tp.  epidcrmii ;    ilc  dermal  cnniiective 
HBne  MtatiDQOiii  with  the  sub-dennal  con- 
o  shaded. 


The  leil8>  in  the  majority  of  groDpfi,  viz.  Elasmobranchii,  HeptilU, 
Aves,  and  MammaJiii,  the  lens  is 
formed  by  an  open  invagination  of 
the  epiblast,  but  in  Amphibia,  Te- 
leostei  and  Lepidosteua,  where  the 
nervous  layer  of  the  skin  is  early 
establiaheii,  this  layer  alone  takes 
pnrt  in  the  fiirmation  of  the  lena 
(fig.  293  /).  The  lena  ie  however 
formed  even  in  these  types  as  a 
holiow  body  by  an  invagination; 
but  its  opening  remains  perma- 
nently shut  oH  from  cummuuica- 
tion  with  the  exterior  by  tlie  epi- 
dermic layer  of  the  epibla^  Gijtte 
describes  the  lens  as  formed  by  a  rA 
solid  thickeuing  of  the  nervous 
Isyer  in  Bombiuator.  This  is  |iro- 
bably  a  mistuka 

The  cornea.     The  mode  of 

formation  of  the  cornea  already  de- 
scribed a|ipears  to  be  chHracteriatic 

of  most  Vertebrata  except  the  Am- 

inoccete.      It  has    been   found   by     

Kessler     in     Ave«,     Reptilia     and      nootiTa  tissae  U.d.c),  which  is  also 

Am|>hibia,  and  probably  also  occurs      "^^^  \l  •"*  ileflnite  bonndary  to  this  tissue 

-     n-  I      ..  ■^i     ■.   ■         .      where  it  enrronnda  tha  eye. 

IH  i'lBces.      In   Mammals  it  is  not  m.  muBcleB;  rfm-membraneofDeBoemet; 

however  so  easy  to  establish.   There      t.  lens;    v.h.  vitreous  hoiDoiU';    r.  retina; 

are  at  first  no  niesoblast  oells  be-     T-  ratinal  pigment. 

tween  the  lens  and  the  epiblaiit  {fig. 

■295)  but  in  many  Mammals  (vid«  Kessler,  No.  372,  pp.  91 — 94)  a  layer 

of  rounded  mesobiast  cells,  which  forms  Descemet's  membrane,  grows  in 

between  ihe  two,  at  a  time  when  it  is  not  eaay  to  recognise  a  corneal 

lamina,  as  distinct  from  a  simple  coagulum. 

After  the  formation  of  thia  layer  the  mesoblast  cells  grow  into  the 
corneal  lamina  from  tlie  sides,  and  becoming  flattened  arrange  themselves 
in  rows  between  the  Itminie  of  the  cornea.  The  cornea  continues  to  increase 
in  thickness  by  the  addition  of  lamin»  on  the  side  adjoining  the  epiblaat. 

We  have  already  seen  that  in  the  Lamprey  the  cornea  is  nothing  else 
but  the  slightly  modified  and  more  transjiarent  epidermis  and  dermis. 

The  optic  nenre  and  the  choroid  Sssnre.    It  will  be  conveaieot  to 

consider  together  the  above  structures,  and  with  them  the  vascular  and 
other  processes  which  pass  into  the  cavity  of  the  optic  cup  through  the 
choroid  fissure.  These  parts  present  on  the  whole  a  greater  amount  of 
valiation  than  any  other  parts  of  the  eye. 

I  commence  with  the  Fowl  which  is  both  a  very  convenient  general 
type  for  comparison,  and  also  that  in  which  these  structureo  have  been 
m'lst  fully  worked  out. 

During  the  third  day  of  incubation  there  passes  in  through  the  choroid 
slit  a  vascular  loop,  which  no  doubt  Kupplies  the  transuded  material  for 
the  growth  of  the  vitreous  humour.     Up  to  the  fifth  day  this  vasculai* 
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loop  is  the  only  structure  passing  through  the  choroid  slit.  On  this  daj 
however  &  new  structure  appean,  which  remains  permanently  through  lil»% 
and  is  known  as  the  pecten.  It  consists  of  a  lamelliir  process  of  the 
nieaoblaHt  cells  round  the  eye,  passing  through  the  choroid  slit  near  the 
optic  nerve,  and  enveloping  part  of  the  afferent  branch  of  the  vascular  loop 
ftbove  mentioned.  The  proximal  part  of  the  free  edge  of  the  pect«n  is 
somewhat  swollen,  and  sections  through  tliis  part  have  a  club-shaped  foi-m. 
On  the  sixth  day  the  choroid  slit  becomes  rapidly  closed,  so  that  at  the 
end  of  the  sixth  day  it  is  reduced  to  a  mere  seam.  There  are  however 
two  pai-ts  of  this  seam  where  the  edges  of  the  optic  cup  have  not  coalesced. 
The  proximal  of  these  adjoins  the  optic  nerve,  and  permits  the  possago 
of  the  pecten  and  at  a  later  period  of  the  optic  nerve  ;  and  the  second  or 
distill  one  is  placed  near  the  ciliary  edge  of  the  slit,  and  is  traversed  by 
the  efferent  branch  of  the  above-mentioned  vascular  loop.  This  vessel  soon 
atrophies,  and  with  it  the  distal  opening  in  the  choroid  slit  complet«ly 
vanishes.  In  some  varieties  of  domestic  Fowl  (Lieberkdhn)  the  opening 
however  persists.  The  seam  which  murks  the  original  %\Ui  of  the  clioroid 
slit  is  at  first  oonspicuous  by  the  absence  of  pigment,  and  at  a  later  period 
by  the  deep  colour  of  its  pigment  Finally,  a  little  after  the  ninth  day,  no 
trace  of  it  is  to  be  seen. 

Up  to  the  eighth  day  the  pecten  remains  as  a  simple  lamitia;  by 
the  tenth  or  twelfth  Jay  it  begins  to  be  folded  or  rather  puckered,  and 
by  the  seventeenth  or  eighteenth 
day  it  is  richly  pigmented  and 
thepuckerings  have  become  nearly 
as  numerous  as  in  the  adult,  there 
being  inall  seventeen  or  eighteen. 
The  pecten  is  almost  entirely  com- 
posed of  v&tcular  coils,  which  are 
supported  by  a  sparse  pigmented 
connective  tissue ;  and  in  the  adult 
the  pecten  is  still  extremely 
vascular.  The  original  artery 
which  became  enveloped  at  the 
formation  of  the  pecten  continues, 
when  the  latter  becomes  vascular, 
to  supply  it  with  blood.  The 
veiu  is  praciiiaJly  a  fresh  de- 
velo[iment  after  the  atrophy  iif 
the  dibtal  portion  of  the  primitive 
vascular    loop    of    the    vitreous 

There  are  no  true  retinal 
bin  0(1 -vessels. 

In  the  formation  of  the  optic 
cup  the  extreme  peripheral  part  of 
the  opiic  niTve,  which  is  in  immediate  pn>ximity  with  the  aitery  of  the 
pecten,  becomes  folded.  The  permanent  opening  in  the  choroid  tisaure  for 
the  pecten  is  intimately  related  to  the  enti-ance  of  the  optic  nerve  into  the 
eyeball ;  the  fibres  of  the  optic  nerve  passing  in  at  the  inner  border  of  the 
pecten,  coursing  along  its  stiles  to  its  outer  border,  and  radiating  from  it  as 
from  a  centre  to  all  parts  of  the  retina. 


al.  alimentary  tract;  fb.  thalamenaeplia- 
lon;  J.  lans  o(  eye;  op.r.  optio  veaicle.     "" 
mesoblOBt  ia  not  represented. 
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Iq  the  Lizard  the  choroid  slit  closes  coosiderablf  earlier  than  in  the 
Fowl.  The  vascular  loop  in  the  vitreous  humour  is  however  more  de- 
veloped. The  pecten  long  remains  without  vetscls,  and  does  not  in  fact 
become  at  all  vascular  tilt  after  the  very  lata  diaappearauce  of  the  distal 
part  of  the  vascular  loop  of  the  vitreous  humour. 

The  arrangement  of  the  ingrowth  through  the  choroid  slit  in  EJasmo- 
branehii  (Sc; Ilium)  has  been  partiallj  worked  out,  and  so  far  as  is  at  present 
known  the  agreement  between  the  Avian  and  Elasmobranch  type  is  fairly 
dose. 

At  the  time  when  the  cavity  between  the  lens  and  the  secondary  optic 
cap  is  just  commencing  to  be  formed,  a  prooees  of  mesoblast  accompauieil 
by  a  vascular  loop  passes  into  the  viti'eons  humour,  through  the  choroid 
slit,  close  to  the  optic  nerve.  The  vessel  in  this  process  is  no  doubt 
equivalent  to  the  vascular  loop  in  the  Avian  eye,  bnt  I  have  not  made 
out  that  it  projects  beyond  the  mesoblastic  process  accompanying  it  As 
the  cavity  of  the  vitreous  humour  enlarges  and  the  choroid  slit  elongates, 
the  process  through  it  takes  the  form  of  a  lamina  with  a  somewhat  swollen 
border,  and  projects  for  some  distance  into  the  cavity  of  the  vitreous 
humour. 

At  a  lattir  stage,  after  the  outer  layer  of  the  optic  cup  has  become  pig- 
mented, the  distal  part  of  the  choroid  slit  adjoining  the  border  of  the  lenn 
closes  up ;  bnt  along  the  line  where  it  was  present  the  walls  of  the  critic 
cup  remain  very  thin  and  are  thrown  into  three  folds,  two  lateral  and 
one  median,  pi-ojecting  into  the  cavity  of  the  vitreous  humour.  The 
median  fold  is  in  contact  with  the  lens,  and  the  vascular  mesoblast  sur- 
rounding the  eye  projects  into  the  space  between  the  two  laminv  of 
which  it  is  formed.  In  passing  from  the  r^on  of  the  lens  to  that  of  the 
optic  nerve  the  lateral  folds  of  the  optic  cup  disappear,  and  the  median 
fold  forms  a  consldi^rable  projection  into  the  cavity  of  the  vitreous  humour. 
It  consists  of  a  core  of  mesoblast  covered  by  a  delicate  layer  derived  from 
both  strata  of  the  optic  cup.  Stitl  nearer  the  optic  nerve  the  choroid  slit 
in  no  longer  closed,  and  the  mesoblast,  which  in  the  neighbourhood  of  the 
lens  only  extended  into  the  folds  of  the  wall  of  the  optic  cup,  now  jjro- 
jects  freely  into  the  cavity  of  the  vitreous  humour,  and  forms  the  lamina 
already  described.  It  is  not  very  vascular,  but  dose  to  the  optic  nerve 
there  passes  into  it  a  considerable  artery. 

In  the  young  animal  the  choroid  slit  is  no  longer  perforated  by  a  meso- 
blastic lamina.  At  its  inner  end  it  remains  open  to  allow  of  the  passage 
of  the  optic  nerve.  The  line  of  the  slit  can  easily  be  traced  along  the 
lower  side  of  the  retina;  and  close  to  the  lens  the  retiTial  wall  continues, 
as  in  the  embryo,  to  be  raised  into  a  projecting  fold.  Traces  of  these 
structures  are  visible  even  in  the  fully  grown  examples  of  Scyllium. 

As  has  been  pointed  out  by  Bergmeister  the  mesoblastic  lamina  pro- 
jecting inte  the  vitreous  humour  resembles  the  pecten  at  an  early  stage  of 
development,  and  is  without  doubt  homologous  with  it  Tlie  artery  which 
supplies  it  is  certainly  equivalent  to  the  artery  of  the  pecten. 

There  can  be  no  doubt  that  the  mesoblastic  lamina  projecting  into  the 
vitreooB  humour  is  equivalent  to  the  processus  falciformis  of  Tdeoster,  and 
it  seems  probable  that  the  whole  of  it,  including  the  free  part  as  Tell 
as  that  covered  by  epiblast,  ought  to  be  spoken  of  under  this  title.  The 
optic  nerve  in  Elasroobranchii  is  not  induded  in  the  folding  to  which 
the  secondary  optic  vesJde  owes  its  origin,  and  would  seem  to  perforate 
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the  walls  of  the  optic  cup  only  at  the  distttl  ead  of  ihe  proceasiiB  falci- 
formJB. 

In  TeleoBtei  there  la  at  firat  a  vascaUr  loop  like  that  iu  Birds, 
passing  through  the  choroid  fiasiu-e.  This  has  been  noticed  by  Keasler  in 
the  Pike,  and  \fy  Schenk  in  the  Trout.  At  a  later  period  a  mesoblaatic 
ingrowth  with  a  blood-reasel  makes  its  waj  in  many  forma  into  the  cavity 
of  the  vitreoua  humour,  accompanied  by  two  folds  iu  the  walla  of  the  free 
ed^  of  the  choroid  fissure  (fig.  394).  These  structures,  which  constitttte 
the  processus  falciformis,  clearly  resemble  very 
—  closely  the  mesoblastic  process  and  folds  of  the 

optic  cup  in  Elasmobranchii.    The  processus  fal- 
ciormis  comes  in  contact  with,  and  perhaps  be- 
comes attached  to  the  wall  of  the  lens;  and 
I  persists  through  life. 

'  In   Triton  there  is  no   vascular  ingronth 

tlii-ough  the  choroid  fisaure,  but  a  few  meso- 
blastic cells  pass  in  which  represent  the  vascular 
„  ingrowth  of  other  types.     The  optic  nerve  per- 

nio.  294.      HoEiioNTAL     f^j^j^  ^^  proximal  extremity  of  the  original 
choroid  slit. 

The  absence  of  an  etnbryanic  blood-vessel 
».   ohoroid   fliBoie,    with     does  not  however  bold  good  for  all  Amphibia, 
two  (olds  forming  part  of  the      ag  there  is  present  in  the  embryo  Alytes  (lieber- 

LTu™  iJ^i^'L^^^     k*il"»)  <"  ''rt*^.  '>'i«l»  breaks  up  into  acapillary 
roid  layer  of  opno  onp    b.  .    '  ,i.        !■     i   i     j        »  ..        .V       ■' 

retinal  l^er  of  optio  oup ;  c.      Bystem  on  the  retinal  border  of  the  vitreous 
CBvit;  of  vitreoas  humoiu' ;  d.     humour. 

1b»B'  In  the  Ammoc«eto  the  choroid  alit  is  merely 

represented  by  a  slight  uotch  ou  the  ventral 
edge  of  the  optic  cup,  and  the  mesoblastic  process  wbich  passes  through 
the  choroid  slit  in  meet  types  is  represented  by  a  large  cellular  proceas, 
from  which  the  vitreous  humour  would  appear  to  be  derived. 

Mammalia  differ  from  all  the  types  already  described  in  the  immense 
foetal  development  of  the  blood-vessels  of  the  vitreoua  humour.  There  are 
however  some  points  ia  connection  with  the  development  of  these  vessels 
which  are  still  uncertain.  The  most  important  of  these  points  concerns 
the  presence  of  a  prolongation  of  the  mesoblast  around  the  eye  into  the 
cavity  of  the  vitreous  humour.  It  is  maintAJued  by  Lieberkiihn,  Arnold, 
Kblliker,  etc.,  that  in  the  invagination  of  the  lens  a  thin  layer  of  mesoblast 
is  carried  before  it ;  and  is  thus  transported  into  the  cavity  of  the  vitreous 
humour.  This  is  denied  by  Kessler,  but  the  layer  is  so  clearly  figured  by 
the  above  embryologiate,  that  the  exiatence  of  it  in  some  Mammalia  (the 
Rabbit,  et«.)  must  I  think  be  accepted. 

In  the  folding  in  of  the  optic  vesicle,  which  accompanies  the  formation 
of  the  lena,  the  optic  nerve  becomes  included,  and  on  the  development  of 
the  cavity  of  the  viti-eoua  humour  an  artery,  running  in  the  fold  of  the 
optic  nerve,  passes  through  the  choroid  alit  into  the  cavity  of  the  vitreous 
humour  (fig.  295  aer).  The  sides  of  the  optic  nerve  subsequently  bend 
over,  and  completely  envelope  thin  artery,  which  at  a  later  period  gives  ofi* 
branches  to  the  retiua,  and  becomes  known  as  the  arteria  centralis 
retin».  It  is  homologous  with  the  arterial  limb  of  the  vascular  loop 
projecting  into  the  vitreous  humour  In  Birds,  Lizards,  Teteostei,  etc. 

Before  becoming  enveloped  in  the  optic  nerve  this  artery  is  continued 
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through   the  vitreous  humour  (fig.   295),  and  whea  it  comes  in  clom 


FI0.2S5.    Section  thbouoh  the  bte  aw  a  Ribbit  ehbrxo  op  isooi  titblvb  hath. 

e.  epittieliom  of  cornea :  I.  lens;  mte.  meBoblast  giowiDg  in  from  theside  to  form 
tbeootneB;  rt.  retina;  a.c.T.  arteiin  centraliaretiiia;  o/.n.  optio  uerre. 

The  flgnie  shews  (1)  the  abseooe  at  thie  stage  ot  tneeoblaat  betveen  the  lens  anil 
the  epiblaat:  theiuterval  between  the  two  bae  however  been  made  too  great;  (2)  the 
arteria  centralis  retins  forming  the  Tsacnlar  capsule  of  the  lens  and  coDtinnona  with 
vasonlar  stmctnres  ronnd  the  edges  of  the  optio  cap. 

jiroximity  to  the  lens  it  divides  into  a.  number  of  radiating  branches,  which 
pass  round  the  edge  of  the  lens,  and  form  a  tbbcuIiu'  sheath  which  is 
prolonged  so  as  to  cover  the  anterior  wall  of  the  lens.  In  front  of  the 
lena  they  auastooiose  with  vessela,  coming  from  the  iris,  many  of  which 
are  venous  (fig.  295) — and  the  whole  of  the  blood  from  the  arteria  ceutialis 
is  carried  away  by  these  veins.  The  vascular  sheath  surrounding  the  lens 
recwives  the  name  of  the  memhrana  capsulo-pupillaris.  The  posterior 
part  of  it  appears  (Keasler,  No.  371)  to  be  formed  of  vessela  without  the 
addition  of  any  other  structures,  and  ia  either  formed  simply  by  branches 
of  the  arteria  centralis,  or  out  of  the  mesoblaat  cells  involuted  with  the 
lens.  The  anterior  part  of  the  vascular  sheath  is  however  inclosed  in  a 
very  delicate  membrane,  the  membrana  pupillaris,  continuous  at  the  sides 
with  the  epithelium  of  Descemet's  membrane.  On  the  formation  of  the 
iris  this  membrane  lies  superficially  to  it,  and  forms  a  kind  of  continuation 
of  the  mesoblast  of  the  iris  over  the  front  of  the  lens. 

The  origin  of  this  membrane  is  much  disputed.  By  Keasler,  whose 
statements  have  been  in  the  main  followed,  it  is  believed  to  appear  com- 
parotively  late  as  an  ingrowth  of  the  stroma  of  the  iris ;  while  Kiilliker 
believes  it  to  be  derived  from  a  mesoblastic  ingrowth  between  the  front 
wall  of  the  lens  and  the  epiblaat.  According  to  Kolliker  this  ingrowth 
subsequently  becomes  split  into  two  laminte,  one  of  which  forms  the  cornea. 
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EUid  the  otber  the  anterior  part  of  the  vaacnlar  sheath  of  the  lens  with  its 
membrana  pupilUria.     Between  the  two  appeal's  ihe  aqueous  humour. 

The  memhrana  capsulo-pupillaria  ie  ximplj  a  provisional  embryonic 
Btnicture,  siihtierving  the  nutrition  of  the  len&.  The  time  of  its  dis- 
appearance varies  somewhat  for  the  different  Mammalia  in  which  thb 
point  has  been  investigated.  In  the  human  embryo  it  lasts  from  the 
second  to  the  seventh  month  and  sometimes  longer.  As  a  rule  it  is  com- 
pletely absorbed  at  tlie  time  of  birth.  The  absorption  of  the  anterior  part 
commences  in  the  centre  and  proceeds  outwards. 

In  addition  to  the  vessels  of  the  vascular  capsule  round  the  lens,  there 
ansa  fi-om  the  arteria  centralix  retine,  just  after  its  exit  from  the  optic 
nerve,  in  many  forms  (Dog,  Cat,  Calf,  Sheep,  Sabbit,  Man)  provisional 
vascular  blanches  which  extend  themselves  in  the  posterior  part  of  the 
vitreous  humour.  Near  the  ciliary  end  of  the  vitreous  humour  they 
anastomose  with  the  vessels  of  the  membrana  capBulo-pupillaris. 

In  Mammals  the  choroid  slit  closes  very  early,  and  is  not  perforated 
by  any  structure  homologous  with  the  pecten.  The  only  part  of  the  slit 
which  remains  open  is  that  perforated  by  the  optic  nerve ;  and  in  the  centre 
of  the  latter  is  situated  the  arteria  centralis  retime  as  explained  above. 
From  this  artery  there  grow  out  the  vessels  to  supply  the  retina,  which 
have  however  nothing  to  do  with  the  provisional  ve^ela  of  the  vitreous 
humour  just  described  (Kessler).  On  the  atrophy  of  the  provisional 
vessels  the  whole  of  the  blood  of  the  arteria  centralis  passes  into  the 
retina. 

Il  is  interesting  to  notice  (Kesiler,  Nn.  372,  p.  78)  that  there  seems  to  be 
a  blood-vessel  supplying  the  vitreous  humour  in  the  embryos  of  nearly  all 
vertebrate  types,  which  is  homologous  throughout  the  Vertebrata.  This 
vessel  often  exhibits  a  ifcrsistiiig  and  a  provisional  part.  !Oie  latter  in 
Mammalia  is  the  membrana  capsulo-pupillaria  and  other  veMels  of  the 
vitreous  humour;  in  Birds  and  Lizards  it  is  the  part  of  the  original 
'  vascular  loop,  not  included  in  the  jwcten,  and  in  Usueous  Fishes  that 
part  ())  not  involved  in  the  processus  falcifoimis.  The  permanent  part 
is  formed  by  the  retinal  vessels  of  Alammalia,  by  the  vessels  of  the  pectea 
in  Birds  and  Lizards,  and  by  those  of  the  processus  falciformis  in  Fi^es. 

The  Iris  and  Cilury  processes,    "i^^^  walls  of  the  edge  of  the 

optic  cup  become  very  mucli  tliinner  than  those  of  the  true  retinal  part. 
In  many  Vertebrates  (Mammalia,  Aves,  Reptilia,  Elasmobranchii,  etc.) 
the  thinner  part,  together  with  the  mesoblant  covering  it,  becomes  divided 
into  two  regions,  viz.  that  of  the  iris,  and  that  of  the  ciliary  processes. 
In  the  Newt  and  Lamprey  this  differentiation  does  not  take  place,  but  the 
part  in  question  simply  becomes  the  iris. 

Accessory  Organs  connected  tvxOi  the  Eye. 

EjelidS.  The  most  important  accessory  KtructurHi  connected  with 
the  eye  are  the  eyelids.  They  are  developed  as  simple  folds  of  the  integu- 
ment with  a  mesoblastic  prolongation  between  tbeir  two  laminn.  They 
Diav  be  tliree  in  number,  viz.  an  upper  and  tower,  and  a  lateral  one — the 
nictitating  membrute— springing  from  the  inner  or  anterior  border  of  die 
eye.  Their  inner  face  is  lined  by  a  prolongation  of  oonjanctiva,  which  is 
tlte  modified  rpiblast  covering  the  cornea  and'  |>art  of  the  Mlerotlc, 
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In  TeleiH-tei  ami  Gftnoidm  eyelids  »re  eitlii^r  not  prexont  or  ab  most 
very  rudimeiitaiy.  In  Blaainobraiicliii  ihey  are  betler  developed,  and  the 
nictitating  niemUrane  is  frequently  present  The  latter  is  aUo  usually 
found  in  Amphibia.  In  tlie  Saurupsida  all  tliree  eyelids  are  uiiually 
[ti'eiient,  but  in   Itfammalia  the  nictitating  membi'aQe  is  rudimentary. 

In  many  Mammalia  the  two  eyelids  meet  together  during  a  period  of 
embryonic  life,  and  unite  in  front  of  the  eye.  A  Rimilar  arrangement 
is  perfnanent  throng  life  in  Ophidia  and  Bome  Lacertilia  ;  and  there  is  a 
chamber  formed  between  the  coalesced  eyelids  and  the  surface  of  the 
cornea,  into  which  the  lacrymal  duct«  open. 

Lacrymal  glands.  lacrymal  glands  are  found  in  the  SaurO|>sida 
and  Mammalia.  Tliey  aiise  (Remak,  Kiilliker)  as  solid  ingrowths  of 
the  conjunctival  epitlieliiim.     They  appear  in  the  chick  on  the  eighth  day. 

liftCrymal  duct.  1^^^  lacrymal  duct  firat  aj>|>earB  in  Amphibia,  and 
is  present  in  all  the  higher  Vertebrates.  lis  mode  of  devctopment  in  the 
Amphibia,  Locevtilia  and  Aves  has  recently  been  veiy  thoroughly  worked 
out  by  Bom  (Nos.  380  and  381). 

In  Amphibia  he  tindx  thnt  the  lacrymal  duct  arises  as  a  solid  ridge  of 
the  mucous  layer  of  the  epidermis,  continued  from  the  external  opening 
of  the  nasal  cai'ity  backwards  towards  the  eye.  It  uauully  appears  at 
about  the  time  when  the  nasal  capsule  is  beginning  to  lie  chondrifled.  As 
t^his  ridge  is  gradually  prolonged  backwards  towards  the  eye  its  anterior 
end  becomis  separated  from  the  epidermis,  and  grows  inwards  in  the 
mesoblast  to  become  continuous  with  the  poaterior  {mrt  of  the  nnsal  sack. 
The  posterior  end  which  joins  the  eye  becomes  divided  into  the  two  col- 
lecting branches  of  the  adult.  Finally  the  whole  structure  becumes  sepa- 
rated from  the  skin  except  at  the  esternol  o^iening,  and  develops  a  lumen. 

In  I^certilia  the  lacrymal  duct  arises  very  much  in  the  same  manner 
as  in  Amphibia,  though  its  subsequent  growth  is  somewhat  different.  It 
appears  as  an  internal  ridge  of  the  epithelium,  at  the  junction  of  the 
superior  maxillary  process  and  the  fold  which  gives  rise  to  the  lower 
eyelid.  A  solid  proceM  of  this  ridge  makes  its  way  through  the  mesoblast 
on  the  upper  border  of  the  maxillary  process  till  it  meets  the  wall  of  the 
nasal  cavity,  with  the  epithelinm  of  which  it  becomes  oontiuuous.  At  a 
subsequent  stage  a  second  solid  growth  from  the  upper  part  of  the 
epithelial  ridge  makes  its  way  through  the  lower  eyelid,  and  unites  with 
the  inner  epithelium  of  the  eyelid ;  and  at  a  still  later  date  a  third 
growth  from  the  lower  part  of  tho  structure  forms  a  second  junction  with 
the  epithelium  of  the  eyelid.  The  two  latter  outgrowths  form  the  two 
upper  branches  of  the  duct.  The  ridge  now  loses  its  connection  with 
the  external  skin,  and,  becoming  hollow,  forms  the  lacrymal  duct.  It 
opens  at  two  points  on  the  inner  surface  of  the  eyelid,  and  terminates  at 
its  opposite  extremity  by  opening  into  the  naeal  cavity.  It  is  remarkable, 
as  pointed  out  by  Born,  that  the  original  epithelial  ridge  gives  rise  directly 
to  a  comparatively  amall  part  of  the  whole  duct 

In  the  Fowl  the  lacrymal  duct  is  formed  as  a  solid  ridge  of  the  epidermis, 
extending  along  the  line  of  the  so-called  lacrymal  groove  from  tiie  eye  to 
the  nasal  pit  (fig.  120).  At  the  end  of  the  sixth  day  it  begins  to  be 
separated  from  the  epidermis,  remaining  however  united  with  it  on  the 
inner  side  of  the  lower  eyelid.  After  its  separation  from  the  epidermis 
it  forms  a  solid  cord,  the  loww  end  of  which  imites  with  the  wall  of  the 
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nasal  cttvit^.  The  cord  ho  formed  gives  rise  to  the  whole  of  the  duct 
proper  and  to  the  lower  branch  of  the  collecting  tube.  The  upper  branch 
of  the  collecting  tube  is  formed  as  an  outgrowth  fivin  this  coi'd,  A  iumen 
begins  to  be  formed  on  the  twelfth  day  of  incubation,  and  first  appears  at 
the  nasal  end.  It  arises  b;  the  formation  of  a  space  between  the  cells  of 
the  oord,  and  not  by  an  absorption  of  the  central  cells. 

In  Mammalia  Kolliker  s^tes  that  he  has  1)een  unable  to  observe  any- 
thing similar  ia  that  described  by  Bom  in  the  Sauropsida  and  Am|)bibia, 
and  holds  to  the  old  view,  originally  put  forwiird  by  Coate,  that  the  duct  is 
formed  by  the  closure  of  a  groove  leading  from  the  eye  to  the  nose  between 
the  outer  nanal  process  and  the  superior  maxillary  proceKi.  The  upper 
oxti^mity  of  the  duct  dilates  to  form  a  sack,  from  which  two  branches 
pass  off  to  open  on  the  lacrymal  papilloe.  In  view  of  Bom's  discoveries 
Kolliker's  statements  must  be  receiver)  with  some  caution. 

The  Eye  of  the  Tunicata. 

The  unpaired  eye  of  the  larva  of  simple  Ascidians  is  situateil  some- 
what to  the  right  side  of  the  posterior  part  of  the  dorsal  wall  of  the 
aoterior  cephalic  vesicle  (fig.  296,  0).  It  consists  of  a  refractive  portioQ, 
turned  towards  the  cavity  of  the  vesicle  of  the  brain,  and  a  retioal  por- 
tion forming  part  of  the  wall  of  the  brain.  The  refractive  parts  consist 
of  a  convex- concave  meniscus  in  front,  and  a  spherical  lens  behind, 
adjoining  the  concave  side  of  the  meniscus.  The  posterior  part  of 
this  lens  is  imbedded  in  a  layer  of  pigment.  The  retina  is  formed 
of  columnar  cells,  with  their  inner  ends  imbedded  in  the  pigment 


Fn>,  396.    Larta  or  Ascidia  uehtcu.    {Prom  Oegenbanr;  after  Kapller.) 

Onlj  the  Ulterior  part  of  the  tail  is  represented. 

tl".  anterior  sweUing  of  neoral  tube ;   N.  anterior  swelling  of  spinal  portion  of 

neural  tube;   n.  hinder  part  of  nenrsl  tabe;  ch.  notoohordj  K.  brancliial  repian  of 

alimeutaiy  tract;     d.  aagophaffeal  and  gaatrio  region  ot  alimentaij  tract;     0.  ej'S; 

a.  otolith;   0.  moDth;  t.   papilla  for  attachment. 

which  encloses  the  posterior  part  of  the  lens.  The  retinal  part  of 
the  eye  arises  in  the  lirst  instance  as  a  prominence  of  the  wall  of 
the  cerebral  vesicle:  its  cells  become  very  columnar  and  pigmented 
at  their  inner  extremities  (fig.  8  V,  a).  The  lens  is  developed  at  a 
later  period,  after  the  larva  has  become  batched,  but  the  mode  of  its 
formation  has  not  been  made  out. 
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Omeral  ctmsiderations  on  the  Eye  of  the  Chordata. 

There  c&n  be  but  little  doubt  that  the  e^e  of  the  Tunicata  belongB  to 
the  same  phylum  bs  that  of  the  true  Yertobrata,  different  aa  the  two  eyes 
are.  The  uame  may  also  be  said  with  reference  to  the  degenerate  and  very 
rudimentary  eye  of  AmphioxusL 

The  peculiarity  of  the  eye  of  all  the  Chordata  consiBts  in  the  retina 
being  developed  from  part  of  the  wall  of  the  brain.  How  is  this  remark- 
able feature  of  the  eye  of  the  Chordata  to  be  explained  1 

Lankester,  interpreting  the  eye  iu  the  light  of  the  Tuuicata,  baa  made 
the  interesting  suggestion'  "  that  the  original  Vertebrate  muat  have  been  a 
transparent  animal,  and  had  an  eye  or  pair  of  eyea  inside  the  brain,  like 
that  of  the  Ascidian  Tadpole." 

This  explanation  may  poiuibly  be  correct,  but  another  explanation 
appears  to  me  posnible,  and  I  am  inclined  to  think  that  the  vertebrate 
eyuB  have  not  been  derived  from  eyes  like  those  of  Ascidians,  but  that  the 
latter  is  a  di^enerate  form  of  vertebrate  eye. 

The  foot  of  the  retina  being  derived  from  the  fore-brain  may  perhaps 
be  explained  in  the  same  way  as  has  already  been  attempteil  in  the  case 
of  the  retina  of  the  Crustacea ;  i.e.  by  supposing  that  the  eye  was  evolved 
simultaneously  with  the  fore  pitrt  of  the  braiu. 

The  peculiar  processes  which  occur  in  the  formation  of  the  optio  veeiole 
are  more  difficult  to  elucidate;  and  I  can  only  suggest  that  the  development 
of  a  primary  optic  vesicle,  and  its  conversion  into  an  optic  cup,  in  due  to 
the  retinal  part  of  the  eye  having  been  involved  in  the  infolding  which 
gave  rise  to  the  canal  of  the  central  nervous  system.  The  position  of  the 
rods  and  conee  on  the  posterior  side  of  the  retina  is  satisfactorily  explained 
by  this  hypothesis,  because,  as  may  be  easily  seen  from  figure  285,  the 
posterior  lace  of  the  retina  is  the  original  external  surface  of  the  epidermis, 
which  ia  infolded  in  the  formation  of  the  brain;  so  that  the  rods  and  oones 
are,  as  might  be  anticipated,  situated  on  what  is  morphologically  the  ex- 
ternal surface  of  the  epiblast  of  the  retina. 

The  difficulty  of  this  view  arises  in  attempting  to  make  out  bow  the 
eye  can  have  continued  to  be  employed  during  the  gnwlual  change  of 
position  which  the  retina  must  have  undergone  in  being  infolded  with  the 
brain  in  the  manner  suggested.  If  however  the  successive  steps  in  this 
infolding  were  suffiiaently  small,  it  seems  to  me  not  impossible  that  the  eye 
might  have  coctinued  to  be  used  throughout  the  whole  period  of  change, 
and  a  transparency  of  the  tissues,  such  as  LiHikester  suggests,  may  have 
assisted  in  rendering  this  possible. 

The  difficulty  of  the  eye  continuing  to  be  in  use  when  nodei^ing 
striking  changes  in  form  is  also  involved  in  Laiikester's  view,  in  that 
if ,  as  I  suppose,  he  starts  from  the  eye  of  t^e  Ascidian  Tadpole  with  its 
lenses  tnmed  totoanU  the  cavity  of  the  brain ;  it  is  neorssary  for  him  to 
admit  that  a  fresh  lens  and  other  optical  parts  ot  the  eye  became  developed 
on  the  oppotiu  tide  of  the  eye  to  the  original  lens;  and  it  is  difficult  to 
understand  such  a  change,  nnJess  we  can  believe  that  the  refractive  media 
on  the  two  sides  were  in  operation  simultaneously.  It  may  be  noted  that 
the  same  difficulty  is  involved  in  suppuslng,  as  I  have  done,  that  the  eye 
of  the  Ascidian  Tadpole  was  developed  from  that  of  a  Vertebrate.    I  should 

>  Degineralion,  London,  1880,  p.  49. 
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however  be  mclined  to  mi^rat  that  the  eye  had  in  this  case  ceased  for  a 
period  to  be  employed ;  &nd  that  it  has  been  re-developed  again  in  some 
of  the  larval  forms.  Its  characters  in  the  Tuntcata  are  by  no  means 
constant. 

Accessory  eyes  in  the  Vertebrata. 

In  addition  to  the  paired  eyes  of  the  Vertebrata  certain  organs  are 
found  in  the  akin  of  a  few  Teleostel  liviog  in  very  deep  water,  which,  though 
clearly  not  organs  of  true  visioD,  yet  present  characters  which  indicate 
that  Uiey  may  be  used  in  the  perception  of  light  The  moat  iin]iortant  of 
ench  oi^;ans  are  those  found  iu  Cbsuliodua,  Stomias,  otfs.,  the  significanoe 
of  which  was  first  pointed  out  by  Leuckart,  while  the  details  of  their 
stnicture  have  been  recently  worked  out  by  Leydig'  and  Uusow.  They 
are  distributed  not  only  in  the  skin,  but  are  also  preacoit  in  the  mouth  aDd 
respiratory  cavity,  a  fact  which  appears  to  indicate  that  their  main  functicHi 
must  be  homething  else  than  the  perception  of  tight.  It  has  been  suggested 
that  they  have  the  functiou  of  producing  phoephoreeoence. 

A^nother  organ,  probably  of  the  same  mttnre,  is  fonnd  on  the  head  of 

The  oTgans  in  Chauliodus  are  spherical  or  nearly  spherical  bodies  in- 
vested in  a  Bpecial  tunic.  The  larger  of  them,  which  alone  can  have  any 
relation  to  vision,  are  covered  with  pigment  except  on  their  aut«r  surfuce. 
The  interior  is  filled  with  two  masses,  named  by  Leuckart  the  lens  and 
vitreous  humour.  According  to  Leydig  each  of  them  is  cellul&r  and 
receives  a  nerve,  the  ultimate  destination  of  which  has  not  however  been 
made  out.  According  to  Ussow  the  anterior  mass  is  structu relets,  but 
serves  to  support  a  lens,  placed  in  the  centre  of  the  eye,  and  formed  of  a 
seriea  of  crystalline  cones  prolonged  into  fibres,  which  in  the  posterior  part 
of  the  eye  diverge  and  terminate  by  uniting  with  the  processes  of  multipolar 
cells,  placed  near  the  pigmented  sheath.  These  cells,  together  with  the 
fibres  of  the  ciyatalline  cones  which  paas  to  them,  ue  held  by  TJssow  to 
constitute  a  retina. 
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CHAPTER  XVII. 


AUDITORY  ORGAN,  OLFACTORY  ORGAN  AND  SENSK 
ORGANS  OF  THE  LATERAL  LINE. 


Auditory  Organs. 

A  GBEAT  variety  of  organn,  very  ■widelj'  distributed  amongst 
aquatic  forms,  and  also  found,  though  less  uuiversally,  in  land  forms, 
are  usually  classed  t<^ether  as  auditory  organ  a 

In  the  case  of  all  aquatic  forma,  or  of  forms  which  have  directly 
inherited  tbeir  auditory  organs  from  aquatic  fbnns,  these  oi^ns  are 
built  upon  a  common  type;  although  in  the  majority  of  instances  the 
auditory  oif^ans  of  the  several  groups  have  no  genetic  relations.  All 
the  organs  have  their  origin  in  specialized  portions  of  Uie  epidennia. 
Some  of  the  cells  of  a  special  region  become  provided  at  tneir  tree 
extremities  with  peculiar  hairs,  known  as  auditory  Lairs;  while  in  other 
cells  concretions,  known  as  ototithx,  are  formed,  which  appear  often  to 
be  sufficiently  free  to  be  acted  upon  by  vibrations  of  the  surrounding 
medium,  ana  to  be  so  placed  as  to  be  able  in  their  turn  to  transmit 
their  vibrations  to  the  cells  with  auditory  hairs'.  The  auditory 
regions  of  the  epidermis  are  usually  shut  off  from  the  surface  in 
special  sacks. 

The  actual  function  of  these  organs  is  no  donbt  correctly  described, 
in  the  majority  of  instances,  as  being  auditory;  but  it  appears  to 
me  very  possible  that  in  some  cases  their  function  may  be  to  enable 
the  animals  provided  with  them  to  detect  the  presence  of  other  animals 
in  tfaeir  neighbourhood,  through  the  uudulatory  movements  in  the 
water,  caused  by  the  swimming  of  the  latter. 

Auditory  organs  with  the  above  characters,  sometimes  freely  open 
to  the  external  medium,  but  more  often  closed,  are  found  in  various 
Coslenterata,  Vermes  and  Crustacea,  and  universally  or  all  but  imiver- 
sally  in  the  Mollusca  and  Vertebrata. 

t  always  clear,     Thei«  u  evldetiM  to  ehcw  that 
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In  many  terrestrial  Insects  a  difierent  type  of  auditory  organ  haa 
been  met  with,  consifiting  of  a  portion  of  the  integument  modified  to 
fiirin  a  tympanum  or  drum,  and  supported  at  its  edge  by  a  cbitinous 
ring.  The  vibrations  set  up  in  the  memhranoue  tympanum  stimulate 
terminal  nerve  organs  at  the  ends  of  cliitinoua  prooesees,  placed  in  a 
cavity  bounded  externally  by  the  tympanic  membrane. 

The  tympanum  of  Amphibia  and  Amniota  is  an  accessory  organ 
added,  in  teiTestrial  Verlebrata,  to  an  oi^n  of  hearing  primitively 
adapted  to  un  aquatic  mode  of  life;  and  it  is  interesting  to  notice  the 
presence  of  a  more  or  leas  ftimilar  membrane  in  tbe  two  great  groups 
of  terrestrial  forms,  i.e.  terrestrial  Vertebrata  and  Insecta. 

Nothing  is  known  with  reference  to  the  mode  of  development  or 
evolution  of  the  tympanic  type  of  auditory  organ  found  in  Insects, 
and,  except  in  the  case  of  Vertebrates,  but  little  is  known  with 
reference  to  tlie  development  of  what  may  be  called  the  vesicular 
type  of  auditory  organ  found  in  aquatic  forms.  Some  very  interesting 
facts  with  refen-nce  to  the  evolution  of  such  organs  have  however 
been  brought  to  light  by  the  brothers  Hertwig  in  their  investigations 
on  the  Cuilenterata;  and  I  propose  to  commence  my  account  of  tbe 
development  of  tbe  auditory  organs  in  the  animal  kingdom  by  a  short 
statement  of  the  results  of  their  researches. 

Cffilenterata.  ITiree  distinct  types  of  auditory  organ  have  been 
recognised  in  the  Meduse^  two  of  them  resulting  from  the  differentia- 
tion of  a  tentacle-like  organ,  and  one  from  ectodei  m  cells  on  the  under 
surface  of  the  velum.  We  may  commence  with  the  latter  as  tbe 
simplest.  It  is  found  in  the  Medusie  known  as  the  Vesiculata.  The 
least  differentiated  fonn 
of  this  organ,  so  far  dis- 
covered, iit  present  in  Mi- 
trotrocha,  Tiaropsis  and 
other  genera.  It  has  the 
form  of  an  open  pit;  and 
a  series  of  such  organs 
are  situated  along  the  at- 
tached edge  of  the  velum 
with  their  apertures  di- 
rected downwards.  The 
majority  of  the  cells  lin- 
ing the  outer,  i.e.  peri- 
pheral side  of  the  pi  l,  con- 
tain an  otolitti,  while  a 
row  of  the  cells  on  the 
inner,  i.e.  central  side,  are 
modified  as  auditory  celtH. 
The  auditory  cells  are 
somewhat  strap-shaped, 
their  inner  ends  being 
continuous  with  the  fibres 


Fill.  au7.  AuuiioBTvi 


kesler;  &fter  O.  and  B.  Hertnig.) 

d'.  epithelintn  ot  the  upper  sarfaoe  of  the  Telnm; 
d*.  epithelium  of  the  under  Burlaoe  of  the  velum ;  r. 
drcmair  oan&l  at  the  edge  of  the  velum ;  iir*.  npper 
nerve -ring ;  h.  auditoij  cells;  hh.  auditor?  haiTs; 
np.  nsTTouB  enshion  formed  u(  a  prolongation  of  tbe 
lower  DeTve-rioff.  Close  to  tbe  iierve-riug  is  seen  a 
cell,  ebevrn  as  blank,  containing  an  otolitK 


jiGoogle 


iU        AUDITORY  ORGANS  OF  THE  CfELEffTSRATA. 

of  the  lower  nerve-ring,  and  iheir  free  ends  being  provided  with  bent 
auditor;  hairs,  which  he  in  contact  with  the  convex  aurlaces  of  the 
cells  cont^ning  the  otoliths. 

By  the  conversion  of  such  open  pits  into  closed  sacks  a  more 
complicated  type  of  auditory  organ,  which  is  present  in  many  of  the 
Vesicukta,  viz.  .^>iuorea,  Octorchis,  Fhialidium,  &c.,  is  produced.  A 
closed  vesicle  of  this  type  is  shewn  in  fig.  297.  Such  organs  form 
projections  on  the  upper  surface  of  the  velum.  They  are  covered  by 
a  layer  of  the  epithelium  {d')  of  the  upper  surface  of  the  velum,  but 
the  lining  of  the  vesicle  (d*)  is  derived  from  what  was  originally  part 
of  the  epithelium  of  the  lower  surface  of  the  velum,  homologous  with 
that  lining  the  open  pits  in  the  type  already  described.  The  general 
arrangement  of  the  cells  lining  such  vesicles  is  the  same  as  that  of 
the  celts  lining  the  open  pits. 

A  second  type  of  auditory  organ,  found  in  the  Trachymedusse,  ap- 
pears ill  its  simplest  condition  as  a  modified  tentacle.  It  is  formed 
of  a  basal  portion,  covered 
by  auditory  cells  with 
long  stiff  auditory  hairs, 
supporting  at  its  apex  a 
club-shaped  body,altach- 
ed  to  it  by  a  delicate 
stalk.  Aa  endodermal 
axis  is  continued  through 
the  whole  structure,  aud 
in  one  or  more  of  the 
endoderm  cells  of  the 
club-shaped  body  otoliths 
Fio.  296.  AoDiToB*  oBoiN  OF  BBOPALowm*.  flJO  always  present.  The 
(From  Lonkeater;  after  O,  and  R.  Hert«ig.)  tails  of  the  auditory  cells 

^  The  otKMt  conaiBti  of  a  moiiified  tentacle  {hk)     are  (TirBctlv  continued  in- 

with  auditory  oella  and  coucrttionn,  partially  en-      »„  j.i„  „„„  .       

doRed  in  a  cup.  to  ^^^  "Pper  nervo-nng. 

In  more  conjplicated 
forms  of  this  organ  the  tentacle  becomes  enclosed  in  a  kind  of  cup, 
by  a  wall-like  upgrowth  of  the  surrounding  parts  {fig.  298);  and  in 
some  forms,  e.g.  Geryonia,  by  the  closure  of  the  cup,  the  whole  structure 
takes  the  form  of  a  completely  clcaed  vesicle,  in  the  cavity  of  which 
the  original  tentacle  forms  an  otolith -bearing  projection. 

The  auditory  organs  found  in  the  Acraapedote  Medusae  approach 
in  many  respects  to  the  type  of  organ  found  in  the  Trachymedusse. 
They  consist  of  tentacular  organs  placed  in  grooves  on  Uie  under 
surface  of  the  disc.  They  have  a  swollen  extremity,  and  are  provided 
with  an  endodermal  axis  for  half  the  length  of  which  there  is  a 
diverticulum  of  the  giistro-vascular  canal  system.  The  terminal  por- 
tion of  the  endoderm  is  solid,  and  contains  calcareous  concretions. 
The  ectodermal  cells  at  the  base  of  these  organs  have  the  form  of 
auditory  coIIp. 

Hollusca.     Auditory  vesicles  are  found  in  almost  all  Mollusca  on 
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the  veotral  eide  of  the  body  in  cloee  juxtapoBition  to  tbe  pedal 
gaoglia.  Except  possibly  in  some  Cephalopods,  these  veBicIea  are  cloaed. 
They  are  provided  with  free  otolithB,  supported  by  the  cilia  of  the 
walls  of  the  sack,  but  in  addition  some  of  the  cells  of  the  sack  are 
provided  with  stiff  auditory  hairs. 

In  many  fonns  these  sacks  have  been  observed  to  originate  by 
an  invagiDAtion  of  the  epiblast  of  the  foot  {Paludma,  Nassa,  Hetero- 
poda,  Limax,  Clio,  Cephalopoda  and  Lam  el  li  branch  iata).  In  other 
instances  (some  Pteropods,  Lynmteus,  &c.)  they  appear,  by  a  secondary 
modification  in  the  development,  to  originate  by  a  diSerentiation  of  a 
solid  mass  of  epiblaat. 

According  to  Fol  the  otocyste  in  Gasteropods  are  formed  by  cells 
of  the  wall  of  the  auditory  sacks;  and  the  same  appears  to  hold  good 
for  Cephalopoda  (Qrenacber)'  shewing  that  free  otoliths  have  in 
these  instances  originated  from  otoliths  originally  placed  in  cells. 

CmstllCfla.  In  the  dccnpodons  Crusbicea  organp,  which  have  been 
experimentally  proved  to  be  true  organs  of  hearing,  are  usually  preaent  on 
tbe  basal  joint  of  the  anterior  anteniiK.  They  may  have  (Heusen,  No.  384) 
tlie  form  either  of  closed  or  of  open  sacks,  lined  by  an  invagination  of 
tbe  epidermis.  Tliey  are  provided  with  chitinons  auditory  hairs  and  free 
otolitha  In  the  case  of  tbe  open  sacks  the  otoliths  appear  to  be  simply 
stones  transported  into  the  interior  of  the  sticks,  but  in  the  closed  sacks 
the  otoliths,  though  fi-ee.  are  no  dnnbt  developed  within  the  sacks. 

The  Schizopoda,  which,  bb  mentioned  in  the  last  chapter,  are  remark- 
able as  containing  a  genus  (Euphausia)  with  abnormally  situated  eyes, 
distinguish  themselves  again  with  reference  to  their  auditory  organs, 
in  that  another  genus  (Mysis)  is  charact<^rized  hy  the  presence  of  a  pair 
of  auditory  sacks  in  the  inner  plntes  of  the  tail.  These  sacks  have 
curved  auditory  hnin  supporting  an  otolith  at  their  extremity. 

The  development  of  the  auditory  organs  in  the  Crustacea  has  not  been 
investigated 

The  Vertebrata.  The  Cephalochordn  are  without  organs  of  hear- 
ing, and  the  auditory  organ  of  the  Urocborda  is  constructed  onasp^Miial 
type  of  its  own.  The  piimitive  audit'iry  organs  of  the  true  Vertebrata 
have  the  same  fundamental  characters  as  those  of  the  majority  of 
aquatic  invertebrate  forms.  They  consist  of  a  vesicle,  formed  by  the 
invagination  of  a  patch  of  epiblast,  and  usually  shut  off  from  the 
exterior,  but  occasionally  (Elasmobranchii)  remaining  open.  The 
walls  of  this  vesicle  are  always  much  complicated  and  otoliths  of 
various  forms  are  present  in  its  cavity.  To  tiiis  vesicle  accessory 
structures,  derived  from  the  walls  of  the  hyomandibular  cleft,  are 
added  in  tbe  majority  of  terrestrial  Vertebrata. 

The  development  of  the  true  auditory  vesicle  will  be  conndered 
separately  from  that  of  the  accessory  structures  derived  from  the 
hyomandibular  clelt. 

>  For  the  somewhat  oonplieatad  details  aa  to  the  dereldpiiient  of  tbe  ftoditory  tacks 
of  Cephalopods  1  must  refer  the  reader  to  Vol.  i.,  pp.  330,  2SI,  and  to  QreDachw 
(Vol.  I.,  No.  180). 
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Id  all  Vertebrata  the  development  of  the  auditory  vesicle  com- 
mences with  the  formation  of  a  thickened  p&tch  of  epiblaat,  at  the  | 
rside  of  the  hind-brain,  on  the  level  of' 
khe  second  visceral  deft.      This  patch 
'•■^    -  flsoon  becomes  invaginated  in  the  form 

jiof  a  pit  (lig.  299  aup),  to  the  inner  side 
of  which  the  ^nglion  of  the  auditory 

i nerve  (nun),  which  as  shewn  in  a  pre- 
vious chapter  is  primitively  a  branch  of 
the  aeventh  nerve,  closely  applies  itself. 
In  those  Vertebrata  (viz.  Teleostei,  Le- 
[>idoHt«uB    and    Amphibia)    in    which   the 
epibtast  is  oarly  divided   into   a   nervous 
and   epidermic  stralum,  the  auditory  pit 
arisee  as  an  invagination  nf  the   nervnua 
Htratum  only,  and  the  mouth  of  the  auditory 
pit  is  idways  closed  (tig.  300)  by  the  epi- 
dermic stratum    of  the   akin.      Sinoe  ihe 
Flo.  399.     Sk<7iion  tbbouoh     opening  of  the  pit  is  retained  through  lite 
THB  HBiD  OF  iN  EuBHOBBANcH     j^  Elasmobranchii  the  closed  form  of  rat 

BMBHTO.     AT     IHB     LBTEL     OF      THB  ■        .1  .  »  ■  1  1  j 

in  the  above  forms  la  clearly  secondary. 

In  Teleoetei  the  auditory  pit  oriaea  aa 
a  solid  invagination  of  tbe  ejiiblast. 

The  mouth  of  the  auditoiy  vesicle 


aup.  Buditor7pit;  aun. 
glioD  of  aQditor;  nerve;  ic.r 
of  fonrth  Tentricle  ;  a.c,v.  an 
cardinal  rein  ;    aa.  aorta ; 

aortic  trunk  of  mandibuJar  arch;  gradually  nairowB,  and  in  most  forms 
2^?^.Sti^X^  «>on  heroines  closed,  though  in  Elasmo- 
will  fonn  the  Snt  Tieoeral  okft;  branchii  it  remains  permanently  open, 
rft.  rudiment  of  thTToid  body.  Jn  any  ^ase  the  vesicle  is  gi^ually 
removed  from  the  surface,  remaining 
connected  with  it  by  an  elongated  duct,  either  opening  on  the  dorsal 
aspect  of  the  head  (Elasmobrancbii),  or  ending  blindly  close  beneath 
tbe  akin. 

In  all  Vertebrata  the  auditory  vesicle  undergoes  further  chauges 
of  a  comphcated  kind.  In  the 
Cyclostomata  these  changes 
are  less  complicated  than  in 
other  forms,  though  whether 
"  this  is  due  to  degeneration,  or 
to  the  retention  of  a  primitive 
state  of  the  auditory  organ,  b 
not  known.  In  the  Lamprey 
the  auditory  vesicle  is  formed 
in  the  usual  way  by  an  iu- 
vf^ination  of  the  epibUst, 
m  BittnoT  which  soon  becomes  vesicular, 
BiiTH  uii  ^jjj  fijj.  ^  considerable  period 
.V.  auditory  veaicle;  aa.n.  auditory  retains  a  simple  character.  As 
1  eft.  notochord;  hy.  h.i-poblaBt.  pointed  out  by  Max  Schultze, 
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a  Dumber  of  utolitliti  appears  in  the  vesicle  during  larval  life,  and, 
although  liuch  otoliths  are  stated  by  J.  MUller  to  be  absent  botb  in 


ABA 
Via.  301.     Hbctioh  thbodoh  thk  HiitD-BSAiN  or  k  Chick  l 


IV.  fourth  ventricle.  Tbe  section  ihewa  the  v«rj  thin  roof  and  thicker  ridtB  of 
the  ventricle.  Ch.  uotoohord;  CV.  anterior  cardinal  vein;  CC.  involaled  auditory 
vesicle  ICC  points  to  the  end  vhich  will  form  tbe  cochlear  canal) ;  RL.  receesus 
labyrinuii  (remaina  of  passage  connecting  the  vedcle  vith  the  eiterior) ;  hj/.  hypoblast 
lining  the  alimentary  canal  1  AO.,  AO.A.  aorta,  and  aortic  arch. 

the  full-grown  AmmocfBte  and  in  the  adult,  they  have  since  been 
foond  by  Ketel  (No.  387)-  The  fonnatiou  oi  the  two  semicircalar 
canals  has  not  been  investigated. 

In  all  the  higher  Vertebrates  the  cbangea  of  the  auditory  sacks 
are  more  complicated.     The  ventral  end  of  the  sack  ia  produced  into 
a  short  process  (fig.  301,  CC) ;  while  at  the  dorsal  end  there  is  the 
canal-like  prolongation  of  the  lumen  of  the  sack  {SL),  derived  from 
the  duct  which  primitively  opened  to  tbe  exterior,  and  which  in  most    I 
cases  persists  as  a  blind  diverticulum  of  the  auditory  sack,  known  as  the 
recessus  labyrinthi  or  aqucductus  vestibuli.     The  parts  thus 
indicated  give  rise  to  the  whole  of  the  membranous  labyrinth  of  the    ' 
ear.      The  main  body  of  tbe  vesicle  becomes  the  utriculus  and  semi-    , 
circular  canals,  while  the  ventral  process  forms  the  sacculus  hemi-    ' 
sphericus  and  cochlear  canal. 

The  growth  of  these  parts  has  been  most  fully  studied  in  Mam- 
malia, where  they  reach  their  greatest  complexity,  and  it  will  be 
convenient  to  describe  their  development  in  this  group,  pointing  out 
how  they  present,  during  some  of  the  stages  in  their  growth,  a  form 
permanently  retained  in  lower  types. 

The  auditory  vesicle  in  Uammalia  is  at  first  nearly  spherical,  and 


3y  Google 


428 


AUDITORY   ORGAN  OF  THE  MAMMALIA. 


is  imbedded  in  the  me&oblafit  at  the  9)de  of  the  hind-brain.  It  soon 
becomes  triangular  in  section,  with  the  apex  of  the  triangle  pointing  in- 
wards and  downwards.  This  apex  gradually  elongates  to  form  the  rudi- 
ment of  the  cochlear  caual  and  sacculiie  bemiephericus  {fig.  302,  CC). 
At  tlie  same  time  the  recessus  labjrintbi  (RL)  becomes  distinctly 
marked ,  and  the  outer  wall  of  the  main  body  of  the  vesicle  grows  out 
into  two  protuberances,  which  form  the  rudiments  of  the  vertical 
semicircular  canals  {y.B).  In  the  lower  forms  (fig.  305)  the  cochlear 
process  of  the  vestibule  hardly  reaches  a  higher  stage  of  development 
than  that  found  at  this  stage  in  Mammalia. 

The  parts  of  the  auditory  labyrinth  thus  established  soon  increase 
in  distinctness  (fig.  303);  the  cochlear  canal  (C(?J  becomes  longer  and 
curved;  its  inner  and  concave  surface  being  lined  by  a  thick  layer  of 
columnar  epiblast.  The  recesaus  labyrinthi  also  increases  in  length, 
and  just  below  the  point  where  the  bulgings  to  form  the  vertical 
semicircular  canals  are  situated,  there  is  formed  a  fresh  protuberance 
fur  the  horizontal  semicircular  canal.     At  the  same  time  the  central 


FlO.  SOS.      iBAHBTXnSB  KEOTION  01  TBI   HKU)   OF  1   FCBTAL   ShBEF  (16  MM.   IM 

t  THB  aiMD-BluDi.    (After  BOtteher.) 

HB.  the  hind-brftlu. 

7be  BectioQ  1b  somewhat  obUqne,  heuoe  while  on  the  tight  dde  the  conneetioQi  of 
the  TeeeBsuH  veetiboli  il.Z,.,  and  of  the  connneDcing  verticil  semidrenlAr  canal  V.B.., 
and  of  the  ductna  coohlearis  CG.,  vitb  the  cavity  of  the  primarj  otio  vesisle  are  aeen: 
on  the  left  eide,  only  the  extreme  end  of  the  doctue  cocblearis  CC,  and  of  the  semi- 
ciroular  canal  V.B.  are  Bhewc. 

Lying  close  to  the  inner  side  of  the  otic  vesicle  is  seen  the  cochlesT  ganglion  UC  ; 
on  the  left  vide  the  auditory  nervt  G  anil  its  connection  ^  with  the  hind-bruii  are  alao 

Below  the  otic  Tesicle  on  either  side  lies  the  jugular  veio. 
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parte  of  the  walls  of  the  flat  bulginga  of  the  vertical  canals  grow 
together,  obliterating  this  part  of  the  lumen,  but  leaviog  a  canal 
round  the  periphery;  and,  on  the  absorption  of  their  central  parts, 
each  of  the  original  simple  bulgings  of  the  wall  of  the  vesicle  be- 
comes convertea  into  a  true  semicircular  canal,  opening  at  its  two 
extremities  into  the  auditory  vesicle.  The  vertical  canals  are  first 
established  and  then  the  horizontal  canal. 

Shortly  after  the  formation  of  the  rudiment  of  the  horizontal  semi- 
circular canal  a  slight  protuberance  becomes  apparent  on  the  inner 


Fio.  a03.    Sbction  or 

(After  Battcher.) 
R.V.  T«oeBSDS  labyrinthi ;  V.B.  vertical  Bemlcircnlar  canal;  HB.  horizoutal  Bemi- 
einnlarouiKl;   CC  ooohleuoanol;   (7.  ooohleBT  gnDglion. 


commencement  of  the  cochlear  canal.  A  constriction  arises  on  each 
side  of  the  protuberance,  converting  it  into  a  prominent  hemisphe- 
ricalprojection,  the  sacculus  bemispbericus  (fig.  304,  S.R), 

The  constrictions  are  so  deep  that  the  sacculus  is  only  connected 
with  the  cochlear  canal  on  the  one  hand,  and  with  the  general  cavity 
of  the  auditory  vesicle  on  the  other,  by,  in  each  case,  a  narrow  though 
short  canaL 

The  former  of  these  canals  (fig.  304,  h)  is  known  as  the  canalis 
reuniens.     At  this  stage  we  may  call  the  remaining  cavity  of  the 
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original  otic  vesicle,  into  which  all  the  above  parte  open,  the  utri- 
culus. 

Soon  after  the  formation  of  the  aacculaa  heinisphericus,  the  coch- 
lear canal  bhA  the  semicircular  canals  become  invested  with  cartilage. 
The  rccessus  labyrinthi  remains  however  still  enclosed  in  undifferen- 
tiated mesoblast. 

Between  the  cartilage  and  the  parts  which  it  surrounds  there 
remains  a  certain  amount  of  inditlerent  connective  tissue,  which 
is  more  abundant  around  the  cochlear  canal  than  around  the  semi- 
circular canals. 

As  soon  as  they  have  acquired  a  distinct  connective- tissue  coat, 
the  semicircular  canals,  begin  to  be  dilated  at  one  of  their  termina- 
tions to  form  the  ampullce.  At  about  the  same  time  a  constriction 
appears  opposite  the  mouth  of  the  recessus  labyrinthi,  which  causes 
its  opening  to  be  divided  into  two  branches—one  towards  the  utriculus 
and  the  other  towards  the  sacculas  hemisphericus ;  and  the  relations 
of  the  parts  become  so  altered  that  communication  between  the  sac- 
culus  and  utriculus  can  only  take  place  through  the  mouth  of  the 
recessus  labyrinthi  (fig.  305). 

When  the  cochlear  canal  has  come  to  consist  of  two  and  a  half 
coils,  the  thickened  epithelium  which  lines  the  lower  surface  of  the 
canal  forms  a  double  ridge  from  which  the  organ  of  Corti  is  subse- 
quently developed.  Above  the  ridge  there  appears  a  delicate  cuticu- 
lar  membrane,  the  membrane  of  Corti  or  membrana  tectcria. 

The  epithelial  wa'ls  of  the  utricle,  the  recesbus  labyrinthi,  the 
semicircular  canals,  and  the  cochlear  canal  constitute  together  the 
highly  complicated  product  of  the  original  auditory  vesicle.  The 
whole  structure  forms  a  closed  cavity,  the  various  parts  of  which  are 
in  free  communication.  In  the  adult  the  fluid  present  in  this  cavity 
is  known  as  the  eodolymph. 

In  the  mesoblast  lying  between  these  parts  and  the  cartilage, 
which  at  this  period  envelopes  them,  lymphatic  spaces  become  esta- 
blished, which  are  partially  developed  in  the  Sauropsida,  but  become 
in  Mammals  very  important  structures. 

They  consist  in  Mammals  partly  of  a  apace  surrounding  the 
utricle  and  semicircular  canals,  and  partly  of  two  very  definite 
channels,  which  largely  embrace  between  them  the  cochlear  canal. 
The  latter  channels  form  the  scala  vestibuli  on  the  upper  side  of 
the  cochlear  canal  and  the  scala  tympani  on  the  lower.  The 
ncala  vestibuli  is  in  free  communication  with  the  lymphatic  cavity 
surrounding  the  vestibule,  and  opens  at  the  apex  of  the  cochlea 
into  the  scala  tympani  The  latter  ends  blindly  at  the  fenestra 
rotunda. 

The  fluid  contained  in  the  two  seals,  and  in  the  remaining  lym- 
phatic cavities  of  the  auditory  labyrinth,  is  known  as  perilymph. 

The  cavities  just  spoken  of  are  formed  by  an  absorption  of  parts 
of  the  embryonic  mucous  tissue  between  the  perichondrium  and  the 
walls  of  the  membranous  labyrinth. 
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The  Bcala  vestibuU  is  formed  before  the  scala  tympani,  and  both 
ficalte  begin  to  be  developed  at  the  basal  end  of  the  cochlea :  the 
cavity  of  each  is  continually  being  carried  forwards  towards  the 
apex  of  the  cochlear  canal  by  a  pri^ressive  absorption  of  the  meso- 
blast.  At  first  both  scales  are  somewhat  narrow,  but  they  soon 
increase  in  size  and  distinctness. 


Via.  301.  Section  THBotiaa  trb  wtvtaiKL  bar  of  xh  bmbbionio  Bkbbp 
28  HH.  IK  I.EHOTH.  (After  BSttoher.) 
D.JV.  dnTfk  mater;  il.F.  TeoesBDslalnTintM:  H.V.B.  poaterioT  vertical  semiciranlar 
o&nftl;  V.  Qtricolai;  H.B.  hnrkonUlBeinieirciilaj  canal;  b.  eonalja  reanieoa;  a. 
conBtiiction  bj  mesDB  of  nhioh  Ihe  bbcodIds  hemispberiiniB  5.11.  ia  formed;  /. 
Dkrrowod  opening  between  saccalua  hemiBpherieaB  and  utricniaii;  C.C.  cochlea ; 
CC",  lUDSD  ot  cochlea;  K.K.  cartiUginona  oapBnle  of  cochlea;  K.B.  bai^ar  plate; 
Ch.  notoohord. 

The  cochlear  canal,  which  is  often  known  as  the  scala  media  of  the 
cochlea,  becomes  compressed  on  the  formation  of  the  scalse  so  as  to 
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be  triuignlar  in  section,  with  the  base  of  the  triangle  outwardii. 
This  base  is  only  separated  from  the  BuiroundiDg  cartilage  by  a 
narrow  strip  of  tirm  mesoblast,  which  becomes  the  stria  vascularis,  etc. 
At  the  angle  opposite  the  base  the  canal  is  joined  to  the  cartilage  by 
a  narrow  isthmus  of  firm  material,  which  contains  nerves  and  vessels. 
This  isthmus  subsequently  forms  the  lamina  spiralis,  separating 
the  scala  vestibuli  from  the  scala  tympani. 

The  scala  veatibiili  lies  on  the  upper  border  of  the  cocnlear  canal, 
and  is  separated  from  it  by  a  very  thin  layer  of  mesoblast,  bordered 
on  the  cochlear  aspect  by  flat  epiblast  cells.  This  membrane  is  called 
the  membrane  of  Keissner.  The  scala  tympani  is  separated  from 
the  cochlear  canal  by  a  thicker  sheet  of  mesoblast,  called  the  basilar 
tuembrane,  which  supports  the  organ  of  Corti  and  the  epithelium 
adjoining  it.  The  upper  extremity  of  the  cochlear  canal  ends  in  a 
blind  extremity  called  the  cupola,  to  which  the  two  scalee  do  not  for 
some  time  extend.  This  condition  is  permanent  in  Birds,  where  the 
cupola  is  represented  by  a  structure  known  as  the  lagena  (fig.  3<)5, 
II,  L).  Subsequently  the  two  walte  join  at  the  extremity  of  the 
cochlear  canal;  the  point  of  the  cupola  still  however  remains  in 
contact  with  the  bone,  which  has  now  replaced  the  cartilage,  but  at 
a  still  later  period  the  scala  vestibuli,  growing  further  round,  sepa- 
rates the  cupola  from  the  adjoining  osseous  tissue. 

The  oesification  around  the  internal  ear  is  at  fii-st  confined  to  the 
cartilage,  but  afterwards  extends  into  the  thick  periosteuu  between  the 
cartilage  and  the  internal  ear,  and  thus  eventually  makes  its  way  into  the 
lamina  spiralis,  eto. 

The  OrEan  of  CortL  In  Mammalia  there  is  formed  from  the  epi- 
thelium of  ^e  cochlear  caual  a  very  remarkable  organ  known  as  the  organ 
of  Corti,  the  development  of  which  is  of  sufficient  importance  to  merit  a 
brief  description.  A  bhort  account  of  this  organ  in  the  adult  state  may 
facilitate  the  understanding  of  its  development. 

The  cochlear  canal  is  I>ounded  by  three  walls,  the  outer  one  being  the 
Oieeoua  wall  of  the  cocldea.  The  membrane  of  Beissner  bounds  it  towards 
the  scala  vestibnli,  and  the  basilar  membrane  towards  the  smla  tympaiii. 
This  membrane  atretchei)  from  the  margin  of  the  lamii)a  spiralis  to  the 
ligamentum  spirele ;  the  latt«r  being  merely  an  expanded  portion  of  the 
cotjnective  tissue  lining  the  osseous  cochlea. 

The  lamina  spiralis  is  produi;ed  into  two  lips,  calW  resgiectively  the 
labium  tympanicnm  and  labium  vestibulare;  it  is  to  the  former 
and  longer  of  these  that  the  basilar  membrane  is  attached.  At  the  margin 
of  the  junction  of  the  lahium  tympanicum  with  the  basilar  membrane  the 
former  is  perforated  for  the  passage  of  the  nervous  fibres,  and  this  region  is 
called  the  habenula  perforata. 

The  labium  vetitibulare,  so  called  from  its  position,  is  shorter  than  the 
labium  tympanicum  and  is  raised  above  into  numerous  blunt  teeth.  Partly 
sjiringing  out  from  the  labium  vestibulare,  and  pasxing  from  near  the  inner 
attachment  of  the  membrane  of  BeisHner  towai-da  the  outer  wall  of  the 
co4.'bIea,  is  an  elastic  raembmne,  the  memhrana  tectoria.  Besting  on 
the  basilar  membrane  is  the  organ  of  CortL 
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Considering  for  the  moment  that  a  transverse  section  of  the  cochlear 
canal  only  one  cell  deep  ia  being  dealt  with,  the  organ  of  Corti  will  be 
found  to  consiat  of  a  central  part  composed  of  two  pecnliarly  shaped  roda 


Fio.  ROfi.    DuoBANS  or  ivx  MzitDBiKouH  I.ABTBIIIIB.    (From  QegenbauT.) 

I.    Fish.  n.    Bird.  m.    HamuiBl. 

U,  ntrionlDB ;   8.  sacealai ;    VS.  atriealna  »nd  baoghIub  ;    Cr.  canolu  reanlena ; 

R.  rec«fiBiu  labyrintlii ;  VC.  oommenoement  of  coobles ;  C.  caoblear  osdbI  ;  Z..  Ugens ; 

K.  cnpoU  b(  apex  of  ooohlear  oaual ;  V.  oooal  sack  o(  the  vestibolnm  of  the  oocMear 


widely  separated  below,  but  in  contact  abova  These  ai*  the  rods  or 
fibres  of  Corti.  On  their  outer  side,  i.e.  on  the  side  towards  the 
osseous  wall  of  the  canal,  is  a  reticulate  membrane  which  passes  from  tiie 
inner  rod  of  Corti  towiu^a  the  oxseous  wall  of  the  canal.  With  their 
upper  extremities  fixed  in  that  membrane,  and  their  lower  resting  on  the 
basilar  membrane  are  three  (four  iu  man)  cbIIh  wltli  auditory  hairs  known 
as  the  outer  'hair  cells,'  which  alternate  with  three  other  cells  known 
as  Deiters'  cells.  Between  these  and  the  outer  attachment  of  the  basilar 
membrane  is  a  series  of  cells  gradually  diminishing  in  height  in  passing 
outwards.  On  the  iuner  side  of  the  rods  of  Corti  is  one  hair  cell,  and 
then  a  number  of  peculiarly  modified  cells  which  fill  up  the  space  between 
the  two  lips  of  the  lamina  spiralis. 

It  will  not  be  necessary  to  say  much  in  reference  to  the  development 
of  the  labium  tympanicum  and  the  labium  vestibnlare. 

The  labium  vestibulare  is  formed  by  a  growth  of  the  connective  tissue 
which  fuses  with  and  passes  up  between  the  epithelial  cells.  The  epithelial 
cells  which  line  its  upper  (vestibular)  border  become  modified,  and  remain 
OS  its  teetK 

The  labium  tympanicum  is  formed  by  the  coalescence  of  the  connective 
tissue  layer  separating  the  scala  tympani  from  the  cochlear  canal  with  pari 
of  the  connective  tissue  of  the  lamina  spiralis.  At  firat  these  two  layers 
are  sepamt*-,  and  the  nerve  fibres  to  the  orguu  of  Corti  pas^  between 
them.  Bubsecjuently  however  they  coalesce,  and  the  region  whci-e  they  are 
penetnited  by  the  nervous  fibres  becomes  the  habeuula  [leiTorata. 
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The  oipm  of  (Jorti  itself  is  derived  from  the  epiblnst  celU  lining  the 
cochlear  csnal,  and  coasists  in  the  first  intitaDce  of  two  epithelial  ridges 
or  projections.  The  larger  of  them  furme  the  cells  on  the  inner  ude  of  the 
organ  of  Corti,  and  the  smaller  the  rods  of  Oorti  together  with  the  inner 
and  enter  hair  cells  and  I>eitera'  cells. 

At  first  both  these  ridges  are  compooed  of  simple  elongated  epithelial 
cells  one  row  deep.  The  smaller  ridge  is  the  tiist  to  shew  any  c^nge. 
The  cells  adjoining  the  larger  ridge  acquire  auditory  hairs  at  their  free 
extremities,  and  form  the  row  of  inner  hair  cells ;  the  next  row  of  cells 
acquires  a  broad  attachment  to  the  basilar  membrane,  and  gives  origin 
to  the  inner  and  outer  rods  of  Corti. 

Outside  the  latt«r  come  several  row«  of  cells  adhering  together  so  as 
to  form  a  compact  mass  which  is  quadrilateral  in  section.  This  mass  is 
composed  of  three  upper  cells  with  nuclei  at  the  same  level,  which  form 
the  outer  hair  cells,  each  of  them  ending  above  in  auditory  hairs,  and 
three  lower  cells  which  form  the  cells  of  Deitera.  Beyond  this  tiie  cells 
gradually  pass  into  ordinary  cubical  epithelial  cells. 

As  just  mentioned,  the  cells  of  the  second  row,  resting  with  their  broad 
bases  on  the  basilar  membrane,  give  rise  to  the  rods  of  Corti.  The  breadth 
of  the  bases  of  these  cells  rapidly  increases,  and  important  changes  take 
place  in  the  structure  of  the  cells  themselves. 

The  nucleus  of  each  cell  divides;  bo  that  there  come  to  be  two  nuclei 
or  sometimes  tLree  which  lie  close  together  near  the  base  of  the  cell. 
Outeide  the  nuclei  on  each  side  a  fibrous  cuticular  band  appeara.  T^e 
two  bauds  pass  from  the  base  of  the  cell  to  its  apex,  and  there  meet 
though  widely  separated  below.  The  remaining  contents  of  the  cell, 
between  the  two  fibi-oua  bands,  become  granular,  and  are  soon  to  a 
great  extent  absorbed ;  leaving  at  first  a  round,  and  then  a  triangular 
space  between  the  two  fibres.  The  two  nuclei,  surrounded  by  a  small 
amount  of  granular  matter,  come  to  lie,  each  at  one  of  the  angles  between 
the  fibrous  bands  and  the  basilar  membiane. 

The  two  fibrous  bands  become,  by  changes  which  need  not  be  described 
in  detail,  converted  into  the  rods  of  Corti — each  of  their  upper  ends 
growing  outwards  into  the  processes  ^ich  the  adult  rods  possesa 

Kaob  pair  of  rods  of  Corti  is  thus  (Bbttcher)  to  be  considered  as  the 
product  of  one  cell;  and  the  nnclei  imbedded  in  the  granular  mass  between 
them  are  merely  the  remains  of  the  two  nuclei  formed  by  the  division  of 
the  original  nucleus  of  that  cell'.  The  larger  ridge  is  for  the  most  part  not 
pennanent,  and  irom  being  the  most  conspicuous  part  of  tlie  organ  of 
Corti  conies  to  be  far  less  important  than  the  smaller  ridge.  Its  cells 
undergo  a  partial  degeneration  ;  so  that  the  epithelium  in  the  hollow  be- 
tweeu  the  two  lips  of  the  lamina  spiralis,  which  is  derived  from  the  lar^r 
ridge,  cornea  to  be  composed  of  a  single  row  of  short  and  broad  cells.  In 
the  immediate  neighbourhood  however  of  the  inner  hair  cell,  one  or  two  of 
the  cells  derived  from  the  larger  ridge  are  very  much  elongated. 

The  raembrana  retioularis  is  a  cuticular  structure  derived  from  the 
j>arta  to  which  it  is  attached. 
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Accessory  structures  connected  with  the  organ  of  hearing  in 

Terrestrial  Vertebrata. 

Id  sU  the  Amphibia,  Sauropeida  and  Mammalia,  except  the 
Urodela  aud  a  few  Anura  and  Reptilia,  the  ftrst  visceral  or  hyo- 
maDdi.bular  cleft  enters  into  intimate  relations  with  the  orgaua  of 
hearing,  and  from  it  and  the  adjoining  parts  are  formed  the  tympanic 
cavity,  the  Eustachian  tube,  the  tympanic  membrane  and  the  meatus 
auditorius  ezternus.  The  tympanic  membrane  serves  to  receive  from 
the  air  the  sound  vibrations,  which  are  communicated  to  fluids  con- 
tained in  the  true  auditory  labyrinth  by  one  ossicle  or  by  a  chain  of 
auditory  ossicles. 

The  addition  to  the  organ  of  hearing  of  a  tympanic  membrane  to 
receive  aerial  sound  vibrations  is  an  interesting  case  of  the  adaptation 
of  a  structure,  originally  required  for  hearing  in  water,  to  serve  for 
hearing  in  air ;  aud  as  already  pointed  out,  the  similarity  of  this  mem- 
brane to  the  tympanic  membrane  of  some  Insects  is  also  striking. 

There  is  mucn  that  is  obscure  with  reference  to  the  actual  de- 
velopment of  the  above  parts  of  the  ear,  wtiich  has  moreover  only 
been  carefully  studied  in  Birds  and  Mammals. 

The  Eustachian  tube  and  tympanic  cavity  seem  to  be  derived 
from  the  inner  part  of  the  first  visceral  or  hyomundibular  cleft,  the 
external  opening  of  which  becomes  soon  obliterated.  KoUiker  holds 
that  the  tympanic  cavity  is  simply  a  dorsally  and  posteriorly  directed 
outgrowth  of  tlie  median  part  of  the  inner  section  of  this  cleft; 
white  Moldenliauer  (No.  393)  holds,  if  I  understand  him  rightly, 
that  it  is  formed  as  an  outgrowth  of  a  cavity  called  by  him  the  sulcus 
tubo-tympanicus,  derived  from  the  inner  aperture  of  the  first  visceral 
cleft  together  with  the  groove  of  the  pharynx  into  which  it  opens ; 
and  Moldenhauer  is  of  opinion  that  tlie  greater  part  of  the  onginal 
cleft  atrophies. 

The  meatus  auditorius  extemus  is  formed  at  the  region  of  a 
shallow  depression  where  the  closure  of  the  first  visceral  cleft  takes 
place.  It  is  in  part  formed  by  the  tissue  surrounding  this  depression 
growing  up  in  the  form  of  a  wall,  and  Moldenhauer  believes  that  this 
is  the  whole  process.  Eolliker  states  however  that  the  blind  end 
of  the  meatus  becomes  actually  pushed  in  towards  the  tympanic 
caviw. 

The  tympanic  membrane  is  derived  from  the  tissue  which  sepa- 
rates the  meatus  auditorius  extemus  from  the  tympanic  cavity. 
Thb  tissue  is  obviously  constituted  of  an  hypoblastic  epithelium  on 
its  inner  aspect,  an  epiblastic  epithelium  on  its  outer  aspect,  and  a 
layer  of  mesoblast  between  them,  and  these  three  layers  give  rise  to 
the  three  layers  of  which  this  membrane  is  formed  in  the  adult. 
Durii^  the  greater  part  of  foetal  life  it  is  relatively  very  thick,  and 
presents  a  structure  bearing  but  little  resemblance  to  that  in  the 
adult. 

A  proliferation  of  the  connective  tissue-cells  in  the  vicinity  of 
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the  tympanic  cavity  causes  in  Mammalia  the  complete  or  nearly 
complete  obliteration  of  the  cavity  duriog  fcetal  life. 

The  tympanic  cavity  is  bounded  on  its  inner  aspect  by  the  osseoua 
investment  of  the  internal  ear,  but  at  one  point,  known  as  the  fenestra 
ovalis,  the  bone  is  deficient  in  the  Amphibia,  Sauropsida  and  Mam- 
malia, and  its  place  is  taken  by  a  membrane;  while  in  Mammalia 
and  Sauropsida  a  second  opening,  the  fenestra  rotunda,  is  also  present. 

These  two  fenestrte  appear  early,  but  whether  they  are  formed  by 
an  absorption  of  the  cartilage,  or  by  the  uonchondrification  of  a  small 
area,  is  not  certainly  known.  The  upper  of  the  two,  or  fenestra 
ovalis,  contains  the  base  of  a  b>>ne,  known  in  the  Sauropsida  and 
Amphibia  as  the  columella.  The  main  part  of  the  columella  is 
formed  of  a  stalk  which  is  held  by  Parker  to  be  derived  from  part  of 
the  skeleton  of  the  visceral  arches,  but  its  nature  is  discussed  in 
connection  with  the  skeleton,  while  the  base,  forming  the  stapes, 
appears  to  be  derived  from  the  wall  of  the  periotic  cartilage. 

In  all  Amphibia  and  Sauropsida  with  a  tympanic  cavity,  the 
stalk  of  the  columella  extends  to  the  tympanic  membrane ;  its  outer 
end  becoming  imbedded  in  this  membrane,  and  serving  to  transmit 
the  vibrations  of  the  membrane  to  the  fluid  in  the  internal  ear.  In 
Mammalia  there  is  a  stapes  not  directly  attached  to  the  tympanic 
membrane  by  a  stalk,  and  two  additional  auditory  ossicles,  derived 
from  parts  of  the  skeleton  of  the  visceral  arches,  are  placed  between 
the  stapes  and  the  tympanic  membrane.  These  ossicles  are  known 
as  the  malleus  and  incus,  and  the  chain  of  the  three  ossicles  replaces 
physiologically  the  single  ossicle  of  the  lower  forms. 

These  ossicles  are  at  first  imbedded  in  the  connective  tissue  in 
the  neighbourhood  of  the  tympanic  cavity,  but  on  the  full  development 
of  this  cavity,  become  apparently  placed  within  it;  though  really 
enveloped  in  the  mucous  membrane  lining  it. 

The  fenestra  ovalis  is  in  immediate  contiguity  with  the  walls  of 
the  utricle,  while  the  fenestra  rotunda  adjoins  the  scala  tympalii. 

Hunt  (Ko.  391)  holds,  from  his  investigations  on  the  embryology  of 
the  pig,  that  "the  Euatacliian  tube  is  an  involution  of  the  pharyngeal 
'DiaoonB  membrane;"  and  that  "the  meatus  is  an  involution  of  the  integu- 
ment" while  "  tlie  drum  is  formed  by  the  Eustachian  tube  overlapping  the 
extremity  of  the  meatus."  UrbaotRcbitBch  also  holds  that  the  first  visceral 
cleft  has  nothing  to  do  with  the  formation  of  the  tympanic  canty  and 
Eustachian  tube,  and  that  these  puts  are  derived  from  lateral  out^rawtlm 
of  the  oral  cavity. 

The  evolution  of  the  accessory  parts  of  the  ear  would  be  very  difficult 
to  explain  on  Darwinian  principles  if  the  views  of  Hunt  and  Urbantschitsch 
were  correct;  aod  the  accepted  doctrine,  originally  proposed  by  Huschke 
(So.  3S9),  according  to  which  these  structm-es  have  originated  by  a  'change 
of  function'  of  the  parts  of  the  first  visceral  cleft,  may  fairly  be  held  tUI 
more  conclusive  evidence  has  been  brought  against  it  than  has  yet  been 

Ttmicata.     The    auditory  organ  of  the  Tunicata  (fig.   306)   is 
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placed  on  the  under  surface  of  the  anterior  vesicle  of  the  brain.     It 


Fia,  306.     IiABvi  or  Abcidu  hkntdi.1.     (From  O^enlwiiri  after  Kupffer.J 

Onl;  the  snterior  part  ot  the  tail  is  repreaeoted. 

N'.  anteiior  swelling  of  Deural  tube;   N.  soterior  Buelling  of  spinal  portion  of 

neural  tabe)  n.  hinder  part  ot  neural  tube;   ch.  uotocbord;  K.  branchial  rc^on  of 

alimentaiy  traet;    A.  <BW)phsf!eal  and  gaBtrio  region  ot  alimeatar?  tiaci;    O.  eye; 

a.  otoliUi ;  0.  month ;  t.  papilla  for  attachment. 

consiBts  of  two  parts  (1)  a  prominence  of  the  cells  of  the  floor  of  the 
brain  fonuing  a  crista  acustica,  and  (2)  an  otolith  projecting  into 
the  cavity  of  the  brain,  and  attached  to  the  crista  by  delicate  hairs. 

The  crista  acustica  is  formed  of  very  delicate  cylindrical  cella,  and 
in  its  most  projecting  part  is  placed  a  vesicle  with  clear  contents. 
The  otolith  is  an  oval  body  with  its  dorsal  half  pigmented,  and  its 
veutral  half  clear  and  highly  refractive.  It  is  balanced  on  the  highest 
point  of  the  crista. 

The  crista  acustica  would  seem  to  be  developed  from  the  cella  of 
the  lower  part  of  the  front  vesicle  of  the  brain.  The  otolith  however  is 
developed  from  a  single  cell  on  the  dorsal  and  right  side  of  the  brain. 
This  <^1  commences  to  project  into  the  cavity  of  the  brain  and  its 
free  end  becomes  pigmented.  It  gradually  grows  inwards  till  it 
forms  a  spherical  prominence  in  the  cavity  of  the  brain,  to  the  wall  of 
which  it  is  attached  by  a  stalk.  At  the  same  time  it  travels  round 
the  right  side  of  the  vesicle  of  the  brain  (in  a  way  not  fully  ex- 
plained) till  it  reaches  the  summit  of  the  crista,  which  has  become  in 
the  meantime  established. 

The  auditoryorgan  of  the  simple  Ascidians  can  hardly  be  brought 
into  relation  with  that  of  the  other  Chordata,  and  has  most  probably 
been  evolved  within  the  Tunicate  phylum. 
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Olfatdary  organ. 

Amongst  the  Invertebmta  Dumeroua  sense  oi'gans  have  been 
described  nnder  the  title  of  olfactory  organs.  In  aquatic  animals  they 
often  have  the  fonn  of  ciliated  pitsorgrooves,  while  io  the  Insects  and 
Crustacea  delicate  haire  and  other  structures  present  on  the  antennae 
are  usually  believed  to  be  organs  of  smell.  Our  knowledge  of  all  these 
oi^ifans  is  however  so  vague  that  it  would  not  be  profitable  to  deal 
with  them  more  fully  in  this  place.  Amoi^t  the  Cnordata  there  are 
usually  well  developed  olfactory  organs. 

Amongst  the  Urochorda  (Tunicata)  it  is  still  uncertain  what 
oivang  (if  any)  deserve  this  appellation.  The  organ  on  the  dorsal 
side  of  the  opening  of  the  respiratory  pharynx  may  very  possibly 
have  an  olfactory  function,  but  it  is  certainly  not  homologous  with 
the  olfactory  pits  of  the  true  Vertehrata,  and  aa  mentioned  above 
(pp.  8o9  and  360),  may  perhaps  be  homologous  with  the  pituitary 
body. 

In  the  Cephalochorda  (Ampbioxus)  there  is  a  shallow  ciliated  pit, . 
discovered  by  Kolliker,  which  is  situated  on  the  left  side  of  the  bead, 
and  is  closely  connected  with  a  special  process  of  the  front  end  of  the 
braiiL  It  is  most  probably  the  homologue  of  the  olfactory  pits  of 
the  true  Vertehrata. 

In  the  true  Vertehrata  the  olfactory  organ  has  usually  the  form  of 
a  pair  of  pits,  though  in  the  Cyclostomata  the  orgMi  is  unpaired. 

In  all  the  Vertehrata  with  two  olfactory  pits  these  oi^ans  are 
formed  from  a  pair  of  thickened  patches  of  the  epiblast,  on  the  under, 
side  of  the  fore-brain,  immediately  in  front  of  the  mouth  (fig.  307,  ol). 
Each  thickened  patch  of  epibhvst  soon  becomes  involuted  as  a  pit 
(fig.  308,  N),  the  lining  cells  of  which  become  the  olfactory  or  Schnei- 
derian  epithelium.  The  surface  of  this  epithelium  is  usually  much 
increased  by  various  foldings,  which  in  the  Elasmobrancfaii  arise  very 
early,  and  are  bilaterally  symmetrical,  diverging  on  each  side  like 
the  barbs  of  a  feather  from  the  median  line.     They  subsequently 
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become  very  pronounced  (fig.  309),  aerving  greatly  to  increase  the 
surface  of  the  olfactory  epi- 
thelium. At  a  very  early 
stage  the  olfactory  nerve 
attaches  itself  to  the  ol- 
factory epithelium. 

In  Petromyzoa  the  ol- 
factory organ  arises  aa  aa 
unpaired  thickening  of  the 
epiblast,  which  in  the  just 
hatched  larva  forms  ashallow 
pit,  on  the  ventral  side  of 
the  head,  immediately  in 
front  of  the  mouth.  Thia 
pit  rapidly  deepens,  and  soon 
extends  iteelf  backwardu 
nearly  as  far  as  the  iufuu- 
dibulum  (fig.  310,  o^.  By 
the  development  of  the  upper 
lip  the  opening  of  the  olfao- 
toiy  pit  is  gradually  carried 
to  the  dorsal  surface  of  the 
head,    and  heoomes  at    the 

same    time    narrowed    and ^ 

ciliated  (fig.   +7,  ol).    The  '"     .^---'''''^ 

whole  organ  forms  an  elon- 
gated sack,  and  in  later 
stages  becomes  nearly  divi- 
ded by  a  median  fold  into 
two  halvea 

It  is  probable  that  the 
unpaired  condition  of  the 
olfactory  organ  in  the  Lam- 
prey has  arisen  from  the 
fusion  of  two  pits  into  one ; 
there  is  however  no  evidence 
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Priatinnu  embryo  of  the  n 


I  aUge  as  fig. 


B.  Somewhat  older  Scylliom  embryo. 
III.  third  nerve;  V.  fifth  nerve;  VII.  seventh 
nerve;  au.n.  aaditoiy  nerve;  gl.  glouophuyngeal 
nerve ;  Vg.  vsgus  narve ;  fb.  fore-biuD ;  pn.  pineal 
gland;  mi.  mid-bioin;  hb.  hind- brain ;  iv.v.  (oorth 
ventriale;  eb.  oerebellnm;  ol.  olfKotor;  pit;  op. 
eye;  aa.Y.  auditory  vesinle;  m.  meBobl&at  Kt  boee 
*  If    ■     iL  1     J       1  ol  brain;    eh.  notochord;    kt.  heart;    Ve.  vigoeral 

Of  tfalB  in  the  early  develop-      oietts;    <o.  external  gUta;   fp.  Beotions  ot  body, 
ment ;    but   the  division   of     cavity  in  the  head, 
the  sack  into  two  halves  by 

a  median  fold  may  be  regarded  as  an  indication  of  such  a  paired  character 
in  the  later  stages. 

In  Hyxine  the  olfactory  organ  communicates  with  the  mouth  through 
the  palate,  but  the  meaning  of  this  communication,  which  does  not  appear 
to  he  of  the  same  nature  as  the  communication  between  the  olfactory  pite 
and  the  mouth  by  the  posterior  nares  in  the  higher  types,  is  not  known. 

The  opening  of  the  olfactory  pit  does  not  retain  its  embryonic 
characters.  In  Elafimobranchii  and  Chimftsra  it  becomes  enclosed  by 
a  wall  of  integument,  often  deficient  on  the  side  of  the  mouth,  so  that 
there  is  formed  a  groove  leading  from  the  nasal  pit  towards  the  angle  of 
the  mouth.     This  groove  is  usually  constricted  in  the  middle,  and  the 
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original  single  opening  of  the  nasal  sack  thus  becomes  nearly  divided 
into  two.  /ijLTeleostei  snd  Ganoids  the 
division  ofthe~nasal  opening  into  two 
parts  becomes  complete,  but  the  ventnd 
opening  is  generally  carried  off  some  dis- 
tance from  the  mouth,  and  placed,  by 
the  growth  of  the  snout,  on  the  upper 
surface  of  the  head  (figs.  54  and  08). 
In  all  these  instances  it  is  probable  that 
the  dorsal  opening  of  the  nasal  sack  is 
homologous  with  the  external  nares,  and 

the  ventral  opening  with  the  posterior         Fra.  808.    Sidb  tibw  of  thb 
nares  of  hieher  tvpes.     Thus  the  poste-     ■■"> "'  *"  """"^o  Chice  ot  thk 

1i     •         e       ^  lU  TBIHll    DAT     *S  AS   OPAQUE  OBJECT. 

nor  nares  would  lu  fact  seem  to  be  re-     ,chro„ie  acid  preparatioQ.) 
presented  in  all  Fishes  by  a  ventral  part         q^h.    cerebral  hemisphere* 
of  the  opening  of  the  original  nasal  pit     f.b.  veaiole  of  tUid  ventricle: 
which  either  adjoins  the  border  of  the     MB.  mid-brain;  Ct.  cerebellnm 
,1    ,  ui*'         I  ,■■,  ..         HB.  medulla  oblongata;  S.  na- 

mouth  (many  Elasmobranchii)  or  is  quite  ^^  pit,  „[.  auditory  vwiele  Id  the 
separate  from  the  mouth  (Teleostei  and  atageofapitwiththeopeoingnot 
Ganoidei).  In  the  Dipnoi,  Amphibia  and  yet  oloeed  op ;  w..  optic  vedcle. 
1,  .1       ,  f   1        .  .-L  I         •         L  With  I.  lens  and  ehj.  choroidal 

all  the  higher  types  the  oral  region  be-  fi„ore, 
comes  extended  so  as  to  enclose  the  pos- 
terior nares,  and  then  each  nasal  pit  ac- 
quires two  openings ;  viz.  one  outside  the 
mouth,  the  external  nares,  and  one  within 
the  mouth,  the  internal  or  posterior  nares. 
In  the  Dipnoi  the  two  nasal  openings  are 

very  similar  to  those  in  Ganoidei  and  Teleostei,  but  both  oie  placed  on 
the  under  sur£ice  of  the 
head,  the  inner  one  being 
within  the  mouth,and  the 
external  one  is  so  close 
to  the  outer  border  of 
the  upper  lip  that  it  also 
has  been  considered  by 
some  anatomists  to  lie 
within  the  mouth. 

In    all     the    higher  { 

types  the  nasal  pits  have 
originally  only  a  single 
opening,  and  the  onto- 
genetic process  by  which 
the  posterior  nasal  open- 
ing is  formed  has  been 
studied  in  the  Amniota 
and  Amphibia.  Amongst 
the  Amniota  we  may 
take  the  Chick  as  reprc- 


1  F.  The  first  visceral  [old; 
above  it  U  teen  the  eapeiior  max- 
iUaryprooeBs. 

S,  S,  4  F.  Berond,  third  and 
fourth  viBceial  folds,  with  the 
vi«ceral  clefts  between  them. 


Fia.  309.    Sectiok  i 

FACTOBT   OBQAK  OF  AN   EUBBTD  OF  8ciU.tUM.      (Modi- 
fied from  figares  by  Marshall  and  myseU.) 

e,h.  cerebral  hemispheres;  ot.v.  olfactory  veeiote; 
olf.  olfactory  pit;  &A.  SchDniderian  folds;  I.  olfac- 
tory Deive.  The  referenoe  line  haa  been  aooidentally 
taken  through  ttie  nerve  to  (bo  brain. 
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seDting  the  process  ia  a  very  simple  form.     The  geneml   history  of 
the  process  was  tirst  made  out  by  Kolliker. 


Fia.  911).    DuoBXHiUTio  tkhticu.  BBcnoii  laBOOOH  the  hud  or  k.  uhva  or 

The  larralMd  been  hatched  three  days,  uid  wag  4 'B  mm.  id  length.  The  optic  and 
auditor;  vesidea  are  Bappoeed  to  be  aeen  through  the  tissnea. 

e.h.  cerehr&l  hemisphere ;  tK  optic  thalamaa ;  in.  inCundibiilam;  pn.  pineal  gland; 
Mt.  mid-brain  ;  cb.  cerebellom  ;  nut.  medulla  oblongata  ;  aa.v.  auditnry  vesicle  ;  op. 
optic  teaiole  i  ol.  olfaotor?  pit ;  m.  month;  brji.  branchial  pouches ;  th.'th7Toid  iu- 
Tolution;  v.ao.  ventral  aotta ;   Ac.  ventricle  or  heart;  ch.  notoohord. 

The  opening  of  the  nasal  pit  becomes  surrouiided  by  a  ridge  except 
on  its  oraJ  side.  The  deficiency  of  this  ridge  on  the  aide  of  the  mouth 
gives  rise  to  a  kind  of  shallow  groove  leading  from  the  nasal  pit  to 
the  mouth.  The  ridge  enveloping  the  opening  of  the  nasal  pit  next 
becomes  prolonged  along  the  sides  of  this  groove,  especially  on  its 
inner  one ;  and  at  the  same  time  the  superior  maxillary  process  grows 
forwards  so  as  to  bound  the  lower  part  of  its  outer  side.  The  inner 
and  outer  ridges,  together  with  the  superior  maxillary  process,  enclose 
a  deep  groove,  connecting  the  original  opening  of  the  nasal  pit  with 
the  mouth.  The  process  just  described  is  illustrated  by  fig.  311  A, 
and  it  may  be  seen  that  the  ridge  on  the  inner  side  of  the  groove 
forms  the  edge  of  the  fronto-nasal  process  (k). 

On  the  sixth  day  (Bom,  394)  the  sides  of  this  groove  unite  together 
in  the  middle,  and  convert  it  into  a  caual  open  at  both  ends — the 
ventral  openings  of  the  canals  of  the  two  sides  being  placed  just  within 
the  border  of  the  mouth,  and  forming  the  posterior  nares ;  while  the 
external  openings  form  the  anterior  nares.  The  upper  part  of  the 
canal,  blether  with  the  original  nasal  pit,  is  alone  lined  by  olfactory 
epithelium;  the  remaining  epithelium  of  the  nasal  cavity  being  indif- 
ferent epiblastic  epithelium.  Further  changes  subeecjuentfy  take 
place  in  connection  with  the  posterior  nares,  but  these  are  described 
in  the  section  dealing  with  the  mouth. 

In  Mammalia  the  general  formation  of  the  anterior  and  posterior 
nares  is  the  same  as  in  Birds;  but,  as  shewn  by  Dursy  and  Kolliker, 
an  outgrowth  from  the  inner  side  of  the  caual  between  the  two  open- 
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ings  arises  at  an  early  period ;  and  becoming  separate  from  thtt  pue- 
terior  nares  and  provided  with  a  special  opening  into  the  moutli, 
forms  the  organ  of  Jacobson.  The  general  relations  of  this  ot;gan 
vheu  fully  formed  are  ahewa  in  fig.  312. 

In  lAcertilift  the  formation  of  the  poaterior  unrea  differs  in  some 
particuUis  from  that  in  Birds  (Bom).  A  groove  b  formed  leading 
from  the  primitive  -aaraX  pit  to  the  mouth,  bordered  on  its  inner  side  by 
the  anollen  edge  of  the  fronto-oasal  process,  and  on  ite  outer  by  an  out^r- 
nasal  process ;    while  the  superior  maxillary  process  does  not  aBsiut  in 


wm% 


Fio.  311.    Head  or  k  Cbick  tbok  bblow  oh  ' 

OF  iNODBAnoK.     (From  Huxley.) 

7*.  oerebral  vesicles ;  a.  e;e,  in  which  tbe  remaiuB  of  the  ohoniid  alit  oau  atill  be 
■een  in  A)  g.  nasal  pits;  k.  fronto-iiKSftl  process;  I.  superior  maxilliiiT  procMS; 
1.  inferior  msTillftry  process  or  first  visoenl  arch;  3.  second  visoenl  an»i;  x.  firat 
viscerkl  cleft. 

In  A  the  osvity  of  tbe  mouth  is  seen  enclosed  by  the  fronto-nasal  prooese,  the 
aapeiior  utftiilUiy  processes  snd  the  first  pftii  of  vitcenJ,  arches.  At  the  back  of  it  is 
seen  the  opening  l^tding  into  the  throat.  The  nasal  grooves  leading  from  the  nasal 
pits  to  the  moaUi  are  already  closed  over. 

In  B  the  external  opening  of  the  month  has  become  mnch  oonstrioted,  bat  it  is 
still  enclosed  by  the  franto-nasal  process  and  superiot  maxillaiy  proeccBce  aboTe,  and 
by  the  inferior  maxillaiy  prooeasea  (first  pair  of  visceral  arches)  belov. 

The  superior  maxillary  proceeeee  have  united  with  the  fronto  nasal  process,  along 
nearly  the  whole  length  of  the  latter. 

bounding  it  On  the  inner  aide  of  the  narrowest  part  of  this  groove 
there  is  formed  a  large  lateral  diverticulum,  which  is  lined  by  a  con- 
tinuation of  the  Sohneiderian  epithelium,  and  forms  the  rudiment  of 
Jacobson's  organ.  Tbe  nasal  groovo  continues  to  grow  in  length,  but 
soon  becomes  converted  into  a  canal  by  the  junction  of  the  ooter-naad 
process  with  the  fronto-nasal  process.  This  canal  is  open  at  both  ends : 
at  its  dorsal  end  is  placed  the  original  opening  of  the  nasal  pit,  and  its 
yenti-al  opening  is  situated  within  the  cavity  of  the  mouth.  Tlie  latter 
forms  the  primitive  posterior  oares.  Tlie  superior  maxillary  process  soon 
grows  inwards  on  the  under  side  of  the  posterior  part  of  the  nasal  passage, 
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and  Assiflts  in  forming  its  under  wall.     Tliia  ingrowtli  of  the  aupeTicff 
uuixillaiy  process  is  the  rudiment  of  the  hard  palat«. 

On  thq  converaion  of  the  n«sal  groove  into  a  closed  passage,  the 
opening  of  Jaoobson's  organ  into  the  groove 
becomes  oonoealed ;  and  at  a  later  period 
Jucobson's  organ  becomes  completely  shut 
off  from  the  oasatt  cavity,  and  opens  into  the 
month  at  the  front  end  of  an  elongated 
groove  leading  back  to  the  posterior  nares. 

In  Amphibia  the  posterior  nares  are 
formed  in  a  manner  very  different  from  that 
of  the  Amniota.  At  an  enrly  stuge  a  shallow 
groove  is  formed  leading  from  the  nasal  pit 
to  the  mouth ;  bnt  this  groove  instead  of 
forming  the  posterior  nares  soon  vanishes, 
and  by  the  growth  of  the  front  of  the  head 
the  nasal  pits  are  carried  farther  away  from 
the  raontlu 

The  actual  posterior  nares  are  formed 
by  a  perfor&ti<m  in  the  palate,  opening  into 
the  blind  end  of  the  onginal  nasal  pit. 

CoDsidering  that  the  various  stages  in  the 
fannation  of  the  posterior  nares  of  the  Am- 
nieta  are  so  many  repetitions  of  the  adnlt 
states  of  lower  forms,  it  may  probably  be 
assumed  that  the  mode  of  formation  of  the  posterior  nares  in  Amphibia  is 
secondary,  as  compared  with  that  in  the  Amniota. 

A  diverticulum  of  the  front  port  of  the  nasal  cavity  of  the  Anura  is 
pivbably  to  be  regarded  as  a  rudimentary  form  tA  Jacobsoa's  organ. 

BlBUOGRAPHT. 

(394)  O.  Bom.  "Die  NasenhOhlen  a.  d.  Thr&nennaunganR  d.  unnioteu  Wirbel- 
thiera.''    Puts  I.  and  11.    MorphoUipteha  Jahrbvelt,  Bd.  v.,  1879. 

(395)  ^  KOUiker.  "  Uwer  die  Jaoobeon'Mken  Organe  das  MsnEohen."  PeMt- 
Kkrifif.RieneeluT,  IS77. 

(390)  A.  M.  MsTshalL  "Morphology  of  the  Tertebrftte  Olfactory  Organ." 
Quart.  Joam.  0/  Xier,  Seienee,  Vol.  xn.,  1676. 

Sense  organs  of  the  lateral  line. 
Although  I  do  not  propose  dealing  with  the  general  development  of 
various  sense  organs  of  the  skin,  there  is  one  set  of  organs,  vii^  that  of  the 
lateral  line,  which,  both  fr^m  its  wide  ^tension  amongst  the  Tchthyopiiida 
and  from  the  similarity  of  some  of  its  parts  to  certain  organs  found 
amongst  the  Chntopoda  ,  has  a  great  morphotogioal  importance. 

'  The  crgaDH  which  resembts  those  of  the  lateral  line  are  the  remarkable  Mue 
organs  found  by  Eiaia  in  the  Ct,pUeiMiB  (MittheiL  a.  d.  Zool.  Slation  tu  Stapel,  Vol.  t.); 
hat  I  am  not  inclined  to  think  that  there  ii  a  tnie  homology  between  (heaa  orgaci  and 
the  lateral  line  of  Vertebrats.  It  seema  to  me  probable  that  the  aesmeDtally  arran^ 
optic  organs  of  Polyophthalmoe  are  a  specinl  modification  of  the  more  iudiflerent 
sense  o^ans  of  the  Capitellidn.  The  close  affinity  of  these  two  typea  of  Ctantopods  is 
Eavonrable  to  this  view. 
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The  organs  of  the  lateral  line  consist  as  a  rule  of  canals,  partly  situated 
in  the  head,  and  partly  in  the  tiiink.  These  canals  open  at  intervals  on 
the  surftice,  and  their  walla  contain  a  series  of  nerve-endings.  The 
hraucfaes  of  the  caual  in  the  head  are  innervated  for  the  most  part  by 
the  fifth  pair,  and  those  of  the  trunk  by  the  nerrus  lateralis  of  the  vagus 
nerve.  There  is  typically  but  a  single  cunal  in  the  trunk,  the  openings 
and  nerve-endings  of  which  are  segmentatly  arranged. 

Two  types  of  developmeut  of  these  organs  have  been  found.  One  of 
these  is  characteristic  of  Teleostei ;  the  other  of  Klaamobranchii. 

In  just  hatched  Teleostei,  Schulze  (No.  403)  found  that  instead  of  the 
normal  canals  there  was  present  a  series  of  sense  bulbs,  projecting  freely 
on  the  surface  and  partly  composed  of  cells  with  stiff  hairs.  In  most 
cases  each  bulb  is  enclosed  in  a  delicate  tube  ope  a  at  its  free  extremity ; 
while  the  bulbs  correspond  in  number  with  the  myotomes.  In  some 
Teleostei  (Qobius,  Esox,  etc.)  such  sense  organs  persist  through  life ;  in 
■nost  forms  however  each  organ  becomes  covered  by  a  pair  of  lobes  of  the 
adjacent  tissue,  one  formed  above  and  the  other  below  it  The  two  lobes 
of  each  pair  then  unite  and  foim  a  tube  open  at  both  ends.  The.  linear 
series  of  tubes  so  formed  is  the  commencement  of  the  adult  canal ;  while 
the  primitive  sense  bulbe  form  the  sensory  organs  of  the  tubes.  The 
adjacent  tubes  partially  unite  into  a  continuous  canal,  but  at  tJieir  points 
of  apposition  poi'es  are  left,  which  place  the  canal  in  communication  with 
the  exterior. 

Besidea  these  parts,  I  have  found  that  there  is  present  in  the  just  hatched 
Salmon  a  linear  streaJk  of  modified  epidermis  on  the  level  of  the  lateral 
nerve,  and  from  the  analogy  of  the  process  described  below  for  Elasmo- 
brancliii  it  appears  to  me  probable  that  these  streaks  play  some  part  in  the 
formation  of  the  canal  of  the  lateral  line. 

In  E^asmobranchii  (Scyllium)  the  lateral  line  is  formed  as  a  linear 
thickening  of  the  mucous  layer  of  the  epidermis.  This  thickening  is  at 
first  very  short,  but  gradually  grows  backwards,  its  hinder  end  forming  a 
kind  of  enlarged  growing  point  The  lateral  nerve  is  formed  shortly  after 
the  lateral  line,  and  by  the  time  that  the  lateral  line  has  reached  the  level 
of  the  anus  the  lateral  nerve  has  grown  back  for  about  two-thirds  of  that 
distance.  The  lateral  nerve  would  aeem  to  be  formed  as  a  branch  of  the 
vagus,  but  is  at  first  half  enclosed  in  the  modified  cells  of  the  lateral  Hue 
(fig.  2T5,  7x1)',  though  it  soon  assumes  a  deeper  position. 

A  permanent  stage,  more  or  less  corresponding  to  the  stage  just  described 
in  Elasmobranchii,  is  retained  in  Chimera,  and  Echinorhinua  spinoeus,  where 
the  lateral  line  has  the  form  of  an  open  groove  (Sotger,  No.  404). 

The  epidermic  thickening,  which  forms  the  lateral  line,  is  converted 
into  a  canal,  not  as  in  Teleostei  by  the  folding  over  of  the  sidea,  but  by 
the  formation  of  a  cavity  between  the  mucous  and  epidermic  layers  of  the 
epiblsst,  and  the  subsequent  enclosure  of  this  cavity  by  the  modified  cells 
of  the  mucous  layer  of  the  epiblast  which  constitute  the  lateral  line. 
Tlie  cavity  firat  appears  at  the  hind  end  of  the  organ,  and  thence  extends 
forwards, 

'  Otttte  and  Semper  both  hold  that  the  lateral  nerve,  iusteai  or  growing  in  a  Mntri- 
(ngsl  manner  like  other  nerves,  is  diieotly  detived  from  the  epiblast  of  the  lateral  line. 
For  the  reasons  which  prevent  me  sooepting  this  view  I  muet  refer  the  reader  (o  aij 
Honograpk  on  ElatmolrTaneh  Fithtt,  pp.  141^-146. 
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After  its  coaverBion  into  a,  canal  the  lateral  line  gradually  reoedee  from 
the  Biirface;  remaiiimg  however  connected  with  the  epidermis  at  a  series 
of  points  oorresponding  with  the  segments,  and  at  these  pointa  pei-foratious 
are  eventually  formed  to  constitute  the  segmental  apertures  of  the  syittem. 

The  manner  in  which  the  lumen  of  the  canal  is  formed  in  ElasmO' 
branuLa  bears  tlte  same  relation  to  the  ordinary  process  of  conversion 
of  a  groove  into  a  canal  that  the  formation  <tf  the  auditeiy  involution 
in  Amphibia  does  to  the  same  process  in  Birds.  In  both  Elasmobranchii 
and  Amphibia  the  mucous  layer  of  the  epiblast  behaves  exactly  as  does 
the  whole  epihlast  in  the  other  types,  but  u  shut  off  from  the  Bur&oe  by 
the  passive  epidermic  layer  of  the  epiblast. 

The  mucous  canals  of  the  head  and  the  ampulln  are  formed  from  the 
mucous  layer  of  the  epidei-mis  in  a  manner  very  similar  to  the  lateral  line ; 
but  the  nerves  to  them  arise  as  simple  branches  of  the  fifth  and  seventh 
nerves,  which  unite  with  them  at  a  aeries  of  poiuts,  but  do  not  follow 
their  course  like  the  lateral  nerve. 

It  is  clear  that  the  canal  of  the  lateral  line  ia  secondary,  as  compared 
with  the  open  groove  of  Chimtera  or  the  segmentally  arranged  sense  bulbs 
of  young  Teleostel;  and  it  is  also  clear  that  the  phylogenetio  mode  of 
formation  of  the  canal  consisted  in  the  closure  of  a  primitirety  open  groove. 
The  abbreviation  of  this  process  in  Elasmobranchii  was  probably  acquired 
after  the  appearance  of  fuod-yolk  in  the  egg,  and  the  consequent  dis- 
appearance of  a  free  larval  stage. 

While  the  above  points  are  fairly  obvious  it  dues  not  seem  easy  to 
decide  &  priori  whether  a  continuous  sense  groove  or  isolated  sense  bulbs 
were  the  primitive  structures  from  which  the  canals  of  the  lateral  line 
took  their  origin.  It  ia  equally  easy  to  picture  the  evolution  of  tlie  canal  of 
the  lateral  line  either  from  (1)  a  continuous  unsegmented  sense  line,  certain 
points  of  which  became  segmentally  differentiated  into  special  sense  bulbs, 
while  the  whole  subsequently  formed  a  groove  and  then  a  canal ;  or  from 
(2)  a  series  of  isolated  sense  bulbs,  for  each  of  which  a  protective  groove 
was  developed ;  and  from  the  linear  fusion  of  which  a  continuous  canal 
became  formed. 

From  the  presence  however  of  a  linear  atreak  of  modified  ejiidermis 
in  larval  Teleoetei,  as  well  as  in  Elasmobranchii,  it  appears  to  me  more 
probable  that  a  linear  sense  streak  was  the  primitive  structure  from  which 
all  the  modifications  of  the  lateral  line  took  their  origin,  and  that  the 
H^mentally  arranged  sense  bulbe  of  Teleostei  are  secondary  differentiations 
of  this  primitive  structure. 

The,  at  first  sight  remarkable,  distribution  of  the  v^;us  nerve  to  the 
lateral  line  ia  probably  to  be  explained  in  connection  with  the  evolution 
of  this  organ.  Aa  is  indicated  both  by  its  ixmervation  from  the  vagus, 
AS  also  from  the  region  where  it  firiit  becomes  developed,  the  lateral  line 
was  probably  originally  restricted  to  the  anterior  part  of  the  body.  As  it 
became  prolonged  backwards  it  naturally  carried  with  it  the  vagua  nerve, 
and  thus  a  sensory  branch  of  this  nerve  has  come  te  innervate  a  region 
which  is  far  beyond  the  limits  of  its  original  distribution. 
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CHAPTER  XVIII. 


THE  NOTOCHORD,  THE  VERTEBRAL  COLUMN,  THE 
RIBS  AND  THE  STERNUM. 


Introduction. 

Amonqst  the  products  of  that  part  of  the  mesoblast  which  con- 
Btitutee  the  connective  tisene  of  the  body  special  prominence  must 
be  given  to  the  skeleton  of  the  Vertebrata,  from  its  importance  in 
relation  to  numerous  phjlogenetic  and  morphological  problems. 

The  development  of  the  skeleton  is  however  so  large  a  subject 
that  it  cannot  be  satisfactorily  dealt  with  except  in  a  special  treatise 
devoted  to  it ;  and  the  following  description  must  be  regarded  as  a 
mere  sketch,  from  which  detail  has  been  as  far  as  possible  excluded. 

In  the  lowest  Chordata  the  sole  structure  present,  which  deserves 
to  be  called  a  skeleton,  is  the  notochord.  Although  the  notochord 
often  persists  as  an  important  organ  in  the  true  Vertebrata,  yet  there 
are  always  added  to  it  various  skeletal  structures  developed  in  the 
mesoblast.  Before  entering  into  a  systematic  description  of  these,  it 
will  be  convenient  to  say  a  few  words  as  to  the  general  characters  of 
the  skeleton. 

Two  elements,  distinct  both  in  their  genesis  and  structure,  are 
to  be  recognized  in  the  skeleton.  The  one,  forming  the  true 
primitive  internal  skeleton  or  endoskeleton,  is  imbedded  within  the 
muscles  and  is  originally  formed  in  cartilage.  In  many  instances  it 
retains  a  cartilaginous  consistency  through  life,  but  in  the  majority 
of  cases  it  becomes  gradually  ossified,  and  converted  into  true  bone. 
Bones  so  formed  are  known  as  caitilage  bones. 

The  other  element  is  originally  formed  by  the  fusion  of  the 
ossified  bases  of  the  dermal  placoid  scales  already  described  in  Chap- 
ter XIV.,  or  by  the  fusion  of  the  ossiRed  bases  of  teeth  situated  in  the 
mucous  membrane  of  the  mouth.  In  both  instances  the  plates  of  bone 
so  formed  may  lose  the  teeth  or  spines  with  which  they  were  in  the 
first  instance  covered,  either  by  absorption  in  the  individual,  or  phy- 
logenetically  by  their  gradually  ceasing  to  be  developed.  The  plates 
of  bone,  which  originated  by  the  above  process,  become  in  higher 
types  directly  developed  in  the  connective  tissue  beneath  the  skin; 
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and  gradually  acquire  a  deeper  situatioD,  and  are  finally  so  intimately 
interiocked  with  parts  of  the  true  internal  skeleton,  that  the  two 
Bets  of  elements  can  only  be  diatinguiBhed  by  the  fact  of  the  one  aet 
ossifying  in  cartilage  and  the  other  in  membrane. 

It  seems  probable  that  in  the  Reptilia,  and  possibly  the  extinct 
Amphibia,  dermal  bones  have  originated  in  the  skin  without  the 
intervention  of  superjacent  spinous  structures. 

In  cases  where  a  membrane  bone,  as  the  dermal  ossifications 
are  usually  called,  overlies  a  part  of  the  cartilage,  it  may  set  up 
ossification  in  the  latter,  and  the  cartilage  bone  and  membrane  bone 
may  become  so  intimately  ^sed  as  to  be  quite  inseparable.  It  seems 
probable  that  in  cases  of  this  kind  the  compound  bone  may  in 
the  course  of  further  evolution  entirely  lose  either  its  cartilaginous 
element  or  its  membranous  element ;  so  that  cases  occasionally  occur 
where  the  development  of  a  bone  ceases  to  be  an  absolutely  safe 
guide  to  its  evolution. 

As  to  the  processes  which  take  place  in  the  ossification  of  caiiilage 
there  is  still  much  to  be  made  out.  Two  processes  are  often  distin- 
guished, viz.  (1)  a  process  known  as  ectostosis,  in  which  the  ossification 
takes  place  in  the  perichondrium,  and  either  simply  surrounds  or 
gradually  replaces  the  cartilage,  and  (2)  a  process  known  as  endostoeis, 
where  the  ossification  actually  takes  place  between  the  cartilage  cells. 
It  seems  probable  however  (Gegenbaur,  Yrolik)  that  there  is  no  sharp 
line  to  be  drawn  between  these  two  processes ;  but  that  the  ossification 
almost  always  starts  from  the  perichondrium.  In  the  higher  types, 
as  a  rule,  the  vessels  of  the  perichondrium  estend  into  the  cartilage, 
and  the  ossification  takes  place  around  these  vessels  within  the  carti- 
lage; but  in  the  lower  types  (Pisces,  Amphibia)  ossification  is  often 
entirely  confined  to  the  perichondrium;  and  the  cartilage  is  simply 
absorbed. 

The  r^ons  where  ossification  first  sets  in  are  known  as  centres  of 
ossification ;  and  from  these  centres  the  ossification  spreads  outwards. 
There  may  be  one  or  more  centres  for  a  bone. 

The  actual  causes  which  in  the  first  instance  gave  rise  to  particular 
centres  of  ossification,  or  to  the  ossification  of  particular  parts  of  the 
cartilt^,  are  but  little  understood;  norhave  we  as  yet  any  satisfactory 
criterion  for  determining  the  value  to  be  attached  to  the  number  and 
position  of  centres  of  ossification.  In  some  instances  such  centres 
appear  to  have  an  important  morphological  significance,  and  in  other 
instances  they  would  seem  to  be  determined  by  the  size  of  the  carti- 
lage about  to  be  ossified. 

Thero  is  no  doubt  that  the  membrane  bones  and  cortilnge  bones  can 
as  R  rule  be  easily  distinguished  by  their  mode  of  development;  but  it  is 
by  no  means  certain  that  tliis  is  always  the  casa  It  is  necessnrily  very 
difficult  to  establish  the  homology  between  bones,  which  develop  in  one 
typo  from  membrane  and  in  another  type  from  cartilage ;  but  there  are 
without  doulit  certain  instances  in  which  the  homology  between  two  bones 
would  be  unhesitatingly  admitted  were  it  not  for  the  difference  in  th^ 


3y  Google 


NOTocuoan  and  vertebral  column.         449 

development.  The  moat  difficult  cases  of  this  kind  are  connected  with  the 
ahoulder-girdlc. 

The  possible  sources  of  confusion  in  the  development  of  bones  are 
obviously  two.  (1)  A  cartilage  bone  bj  origin  may  directly  ossify  in 
membrane,  without  the  previous  development  of  cartilage,  and  (2)  a 
membrane  bone  may  in  the  first  inatiuice  be  formed  in  curtilage. 

The  occurrence  of  the  first  of  these  is  much  more  easy  to  admit  than 
that  of  the  second ;  and  there  can  be  little  doubt  that  it  sometimes  takes 
place.  In  a  large  number  of  cases  it  would  moreover  cause  no  serious 
difficulty  to  the  morphologist. 

Bibliography  of  the  origin  of  the  Skeleton. 
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Notochord  and  Vertebral  column. 

The  ptiniitive  tixial  skeleton  of  the  Chordata  consists  of  the  noto- 
chord  and  its  sheath.  It  persists  as  such  in  the  adult  in  Amphi- 
oxMS,  and  constitutes,  in  embryos  of  all  Vertebrata,  for  a  considerable 
period  of  their  early  embryonic  life,  the  sole  representative  of  the 
axial  skeleton. 

The  Kotochord.  The  early  formation  of  the  notochord  has 
already  been  described  in  detail  (pp.  243 — 249).  It  is  developed,  in 
most  if  not  all  cases,  as  an  axial  differentiation  of  the  hypoblast,  and 
forms  at  first  a  solid  cord  of  cells,  without  a  sheath,  placed  between 
the  nervous  system  and  the  dorsal  wall  of  the  alimentary  tract,  and 
extending  from  the  base  of  the  front  of  the  mid-brain  to  the  end 
of  the  tail.  The  section  in  the  region  of  the  brain  will  be  dealt  with 
by  itself.  That  in  the  trunk  forms  the  basis  round  which  the  ver- 
tebral column  is  moulded. 

The  early  histological  changes  in  the  cells  of  the  notochord  are 
approximately  the  same  in  all  the  Craniata.  There  is  formed  by 
the  superficial  cells  of  the  notochord  a  delicate  sheath,  which  soon 
U.K.  n.  29 
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,  aiiJ  becomes  u  wtjlUdefiued  structure.     Vacuoles  (one  or 
more  to  each  cell)  are  formed 
in  the  cells   of  the   notochord, 
which    enlarge   till    the    whole 
^       notochord  becomes  almost  en- 
P'      tirely  formed  of  hirge  vacuoles 
separated  by  membranous  septa 
wh'ch  form  a  complete  sponge- 
like reticulum  (tig.  313).    In  the 
lohthyopsida  most  of  the  proto- 
plasm with  the  nuclei  is  carried 
to  the  periphery,  where  it  forms 
a  special  uucleated  layer  some- 
times divided  into  definite  epi- 
The  BcoUon  is  taken  at  the  level  o(  the     thelial-like  Cells  (fig.  314),  whi!e 
=  ^..^ .  -  ==.,=,.»,„„  „  . ,-.     ^^  ^j^^  meshes  of  tne  reticulutji 
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notochord,  anit  shews  the  separation  of  tli 
cells  to  form  the  vertebral  bodies  from  the 
mnscle-plateH. 

f  A.  notochoid-,  rp.  epiblait;  Fr.  rudiment 
of  vertebral  bod;;  Hip.  mnacle-pUte ;  vvf'. 
portion  ofmuecle-platealieBdfdiflerentiBted 
into  longitudiD&l  mnscleB. 


a  few  nuclei  surrounded  by  a 
little  protoplaism  still  remain 
In  the  Amniotic  Vertebrata, 
probably  owiug  to  the  early- 
atrophy  of  tbe  notochord,   the 

distribution  of  the  nuclei  in  the  spaces  of  the  mesh-work  remains 

fairly  uniform. 

In  the  early  stagps  of  development  the  Hpaces  in  the  notochordal  sponge- 
work,    each  containing  a  nucleus  and    protoplasm, 
I  probably  represent  cells.     In  the  tjj^ea  ui  which  the 

notochord  persists  in  the  adult  the  mesh  work  becomes 
highly  complicated,  and  then  forms  a  ptculiar  reti- 
culum filled  with  gelatinous  material,  the  spaces  in 
^  which  do  not  indicate  the  cuthnea  of  definite   cells 

(figs.  315  and  318). 

Around  the  sheath  of  the  notochord  there 
is  formed  iu'the  Cyclostomata,  Qanoidei,  Elas- 
mobranchii  and  Teleostei  an  elastic  membrane 
usually  known  as  the  membrana  elastica  externa. 

In  most  Vertebrates  the  notochord  and  its 
sheath  either  atrophy  completely  or  become  a 
relatively  unimportant  part  of  the  axial  skeleton ; 
Fio.814.  S«ciioH  bnt  in  the  Cyclostomata  (fig.  31a)  and  in  the 
Selachioidean  Ganoids  (Acipenser,  etc.)  they  per- 
sist as  the  sole  reprfsenlattve  of  tfie  tnie  vertebral 
ascis.  The  sheath  becomes  very  much  thick- 
eiieil ;  aod  on  the  membrana  elastica  covering  it 
the  vertebral  arches  directly  rest.  In  Elasmo- 
branchii  the  sheath  of  the  notochord  undergoes 


Saluon.      (From 
genbaur.} 

CI.  sheath  of 

chord;  i.  neural 

.   Lsmal   arch 


im'rta-  ""  r.    cardinal     a  more  complicated  series  of  changes,  which  re- 
vcins.  suit  first  of  all  in  the   formation   of  a  definite 
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un^gvieiUed  cartil^iDoiis  tubtj*  round  the  notuchord,  <aiid  aubne- 
qiiently  (in  most  forms}  in  the  formation  of  true  vertebral  bodies. 

Between  the  membnina  elastica  externa  and  the  sheath  of  llie 
notochord  a,  layer  of  cells  becomes  in- 
terposed (fig.  r31C,  m),  which  lie  in  a 
matrix  n<*t  sharply  separated  from  the 
sheath  of  the  notochord.  The  cells 
which  form  thiB  layer  appear  to  be 
derived  from  a  special  investment  of 
the  notochord,  and  to  have  penetrated 
through  the  membrana  elastica  externa 
to  reach  their  final  situation.  The 
layer  with  these  cells  soon  increases  in 
thickness,  and  forms  a  continnous  un- 
segmented  tube  of  fibrous  tissue  with 
flattened  concentrically  arranged  nuclei 
(fig.317,K6).  Extemallyis  placed  the 
membrana  elastica  externa  {viel),  while 
within  is  the  cuticular  sheath  of  the 
notochord.  This  tube  is  the  cartila- 
ginous tube  spoken  of  above,  and  is 
known  as  the  cartilaginous  sheath 
of  the  notochord. 

The  exact  origin  of  the  cartilagint 
tube  just  deBuribed  ia  a  question  of  fun- 

daineDtal  importance  with  reference  to  the  origin  of  the  vertebral  column 
and  the  homulogiea  of  its  constitumit  parts;  but  is  by  no  means  easy  to 
settle.  In  the  accuunt  uf  the  mibjcct  in 
my  memoir  on  Elasmobraiieh  FWiea  I  held 
with  Gegenbavir  tliat  it  arose  from  a  layer 
of  cells  ouUlde  the  sheath  of  the  notochoi'd, 
on  the  Ulterior  of  which  the  membrana 
elastica  externa  was  subsequently  formed. 
To  this  view  Giitte  (No.  419)  also  gave 
his  adhesion.  Schneider  has  since  (No. 
429)  stated  that  this  ia  not  the  case,  but 
that,  as  described  above,  the  membrana 
elastica  externa  is  formed  before  the  layer 
of  cartilage.  I  have  since  worked  over 
this  subject  fu;ain,  and  am  on  the  whole 
iacUneJ  to  adopt  Schneider's  correction. 

It  follows  from  the  above  descrip-     ^_^  ^.™^ 
tion   that   the    cartilaginous    tube    in 

question  is  an  essential  part  of  the  sheath  of  the  notochord,  and 
that  it  is  to  some  extent  homologous  with  the  notochordal  sheath  of 
the  Sturgeon  and  the  Lamprey,  and  not  an  entirely  new  formation. 


Fia.   31S.      Section 

KTEs.     (From  OegeabaDT.) 
Ch.  notochord ;  ct.  notochordal 
aheatb ',    m.  spinal  cord ;    a.  norU : 
V.  cardinal  toIds. 


k^ 


-c- 


Fio,  316. 


LAOIHOCB  SHKATH. 

eh.  notochord;  k.  BheaCh  of 
notochord ;  n.  nuclei  of  cortilogi- 
Dons  sheath ;  mt.e.  membrana  elas- 


trtiloRe. 


le  cartilage^ 
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Tliis  sheath  forms  the  basis  of  the  centra  of  the  future  vertebne. 
Ill  a  few  adult  forms,  i.e.  Chimaera  and  the  Dipuoi,  it  retains  its  primi- 
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Flu.  317.    Tbamhvei'se  section  th  bo  ho  h 

\'b.  cortilBRiQOUB  sbeath  of  the  notochord  ;  ha.  hataal  iircb  ;  vp.  proceea  to  vhich 
the  rib  is  articulated;  met.  membrana  elaeticu  extema;  ch,  notocbord;  ao.  aorl*: 
V.eau.  caudal  vein. 

tive  conditiuD,  except  tiiat  iu  OhimxTa  there  are  present  delicate 
ossified  rings  more  numerous  than  the  arches ;  while  in  the  Notidaui, 
Lxmargi  and  Echinorhini  the  indications  of  vertebrae  are  imperfectly 
marked  out.  The  further  history  of  this  sheath  in  the  forms  in  which 
true  vertebrEB  are  formed  can  only  be  dealt  with  in  connection  with 
ihe  formation  of  the  vertebral  arches. 

In  Teleostei  there  is  present,  as  in  Elasmobranchii,  an  elastlca  externa, 
and  an  inner  ootoahordal  sheath.  The  elaatica  externa  contains,  according 
in  Gfltte,  cells.  These  cella,  \i  present,  are  however  very  difficult  to  make 
out,  but  in  any  case  the  so-cnlled  elastica  externa  appears  to  correspond  with 
the  cartilagiuous  sbeath  of  Elasmobranchii  together  with  its  envelopiiig 
eloHtica,  since  ossification,  when  it  sets  in,  occurs  in  this  layer.  The 
sheath  within  becomes  unusually  thick. 

In  the  Amphibia  and  in  the  Amniota  no  membrane  is  present 
which  can  be  identified  with  the  mombrana  elaatica  externa  of  the 
Elasmobranchii,  Teleostei,  etc.  In  Amphibia  (Ootte)  there  is  formed 
njuud  the  notocboni  a  cellular  sheath,  which  has  very  much  tlie 
relations  of  the  cartilaginous  tube  around  the  notochord  of  Elasmo- 
branchii, and  is  developed  in  the  same  way  from  the  perichordal 
connective  tissue  cells.  It  is  only  necessary  to  suppose  that  the 
niembrana  elastica  externa  has  ceased  to  be  developed  {which  in 
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view  of  its  extreme  delicacy  and  unimportant  function  in  Elasmo- 
branchii  is  nnt  difficult  to  do)  and  this  cellular  sheath  would  then 
obviously  be  homologous  with  the  cartilaginous  tube  in  question.  In 
the  Amniota  an  external  sheath  of  the  notochord  cannot  be  traced 
as  a  distinct  structure,  but  the  connective  tisane  surrounding  the 
notochord  and  spinal  cord  is  simply  differentiated  into  the  vertebral 
bodies  and  vertebral  arches. 

Vertebral  arches  and   Vertebral  bodies. 

OycloBtomata.  The  Cyclostomata  are  the  most  primitive  forms 
in^hich  true  vertebral  arches  arc  present.  Their  ontogeny  in  this 
group  has  not  been  satisfactorily  worked  out.  It  is  however  notice- 
able in  connection  with  them  that  they  form  for  the  most  part  isolated 
pieces  of  cartili^,  the  segmental  arrangement  of  which  is  only  im- 
perfect. 

Elasmobranchii.  In  the  Elasmobranchii  the  cells  forming  the 
vertebral  arches  are  derived  from  the  splanchnic  layer  of  the  raeso- 
blastic  somites.  They  have  at  first  the  same  segmentation  as  the 
somites  (fig.  313,  Vr),  but  this  segmentation  is  soon  lost,  and  there  is 
formed  round  the  notochord  a  continuous  sheath  of  embryonic  con- 
nective tissue  cells,  which  gives  rise  to  the  arches  of  the  vertebrae, 
the  tissue  forming  the  dura  mater,  the  perichondrium,  and  the  general 
investing  connective  tissue. 

The  changes  which  next  follow  result  in  what  has  been  known 
since  Rcmak  as  the  secondary  segmentation  of  the  vertebral  column. 
This  segmentation,  which  occurs  in  all  Vertebrata  with  true  verte- 
brae, is  essentially  the  segmentation  of  the  continuous  investment 
of  the  notochord  and  spinal  cord  into  vertebral  bodies  and  vertebral 
arches.  It  does  not  however  follow  the  lines  of  the  segmentation 
of  the  muscle-plates,  but  is  so  eflTected  that  the  centres  of  the  verte- 
bral bodies  are  opposite  the  septa  between  the  muscle-plates. 

The  explanation  of  this  character  in  the  segmentation  is  not  difficult  to 
find.  The  primary  Begment&tion  of  the  body  is  that  of  tiio  muscle- plates, 
which  were  present  in  the  primitive  fonnB  in  which  vertebwe  had  not 
appeared  As  soon  however  as  the  notochordal  sheath  was  required  to  be 
strong  as  well  as  flexible,  it  necessarily  became  divided  into  a  seriea  of 
segments. 

The  condition  under  which  the  lateral  muscles  can  best  cause  the 
flexure  of  the  vertebral  column  ia  clearly  that  eaoh  myotome  shall  be 
cajiable  of  acting  on  two  vertobra ;  and  this  condition  can  only  be  fulfilled 
when  the  myotomes  are  opposite  the  intervals  between  the  vertebne.  For 
this  reason,  when  the  vertebrse  became  formed,  their  centres  were  opposite 
not  the  middle  of  the  myotomes  but  the  inter-mnscular  septa. 

These  considerations  fully  explain  the  characters  of  the  secondary 
segmentation  of  the  vertebnU  column.  On  the  other  hand  the  primary 
segmentation  (fig.  313)  of  the  vertebral  rudiments  b  clearly  a  remnant 
of  a  condition  when  no  vertebral  bodies  were  present ;  and  has  no  greater 
mor|ihological  significance  than  the  fact  that  the  cfills  of  the  vertebne 
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were  derived  from  the  segmented  muscle-[>lates,  And  then  became  fuwHl 
iato  a  continuous  sheath  around  the  notochord  and  nervous  axis ;  till 
filially  thej  became  in  atill  higher  forms  differentiated  iuto  vertebna  and 
their  arches. 

During  the  stage  represented  in  fig.  28  g,  and  somewhat  before 
the  cartilaginous  sheath  of  the  notochord  is  formed,  there  appear  four 
special  concentrations  of  the  mesoblaatic  tissue  adjoining  the  noto- 
chord, two  of  theni  dorsal  (neural)  and  two  of  them  ventral  (hsemal). 
They  are  not  segmented,  and  form  four  ridges,  seated  on  the  sides  of 
the  notochord.  They  are  united  with  each'other  by  a  delicate  layer 
of  tissue,  and  constitute  the  substance  in  which  the  neural  and  h^mal 
arches  subsequently  become  differentiated. 

At  about  the  time  when  the  tirst  traces  of  the  cartilagiDous 
sheath  of  the  notochord  arise,  differentiations  take  place  in  tlie 
neural  and  hsemal  ridges.  In  the  neural  ridge  two  sets  of  arches  are 
formed  for  each  myotome,  one  resting  on  the  cartilaginous  sheath  of 
tbe  notochord  in  the  region  which  wjII  afterwanis  form  the  centrum 
of  a  vertebra,  and  constituting  a  true  neural  arch;  and  a  second 
separate  from  the  cartilaginous  sheath,  forming  an  intercalated  piece'. 
Both  of  them  soon  become  hyaline  cartilage. 

There  is  a  considerable  portion  of  the  original  tissue  of  the  neural 
ridge,  especially  in  the  immediate  neighbourhood  of  the  notochord, 
which  is  not  employed  in  the  formation  of  the  neural  arches.  This 
tissue  has  a  fibrous  character  and  becomes  converted  iato  the  peri- 
chondrium and  other  parts. 

The  hajmal  arches  are  formed  from  the  bajraal  ridge  in  precisely 
the  same  way  as  the  neural  arches,  but  interhssmu  intercalated 
pieces  are  often  present.  In  the  region  of  the  tail  (he  hfemal  arches 
are  continued  into  ventral  processes  which  meet  below,  enclosing  the 
aorta  and  caudal  veins. 

Since  primitively  the  postanal  gut  was  placed  between  the  aorta 
and  the  caudal  vein,  the  haemal  arcbes  potentially  invest  a  caudal 
section  of  tbe  body  cavity.  In  the  trunk  region  they  do  not  meet 
venti^ally,  but  give  support  to  the  ribs.  The  slnictures  just  described 
are  shewn  in  section  in  fig.  318,  in  which  the  neural  (na)  and  haimal 
(ha)  arches  are  shewn  resting  upon  tbe  cartilaginous  sheath  of  the 
notochord. 

While  these  chauges  are  being  effected  in  the  arches  the  carti- 
laginous sheath  of  the  notochord  undergoes  important  ditferentiations. 
In  the  vertebral  regions  opposite  the  origin  of  the  neural  and  htemal 
arches  (fig.  318}  its  outer  part  becomes  hyaline  cartilage,  while  the 
inner  parts  adjuining  the  notochord  undergo  a  somewhat  different 
development,  the  notochord  in  this  part  becomes  at  the  same  time 

'  Tbe  preseaoe  of  interoalated  pieusB  in  tbe  nearitl  arch  njatem  of  RlamDObranehli, 
Chimeeia,  etc.  is  probably  not  the  indication  of  an  hif^bl;  difTerpntialed  type  of  neural 
arch,  but  of  a  transitional  typ«  between  an  imperfect  iuveatment  of  the  spinal  oord  by 
isolated  oartila|;LnouB  bars,  and  a  complete  syHtem  of  neural  arches  lilie  that  in  the 
higher  Vertebrala. 
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somewhat  constricted.    In  the  intervertebral  regions  the  cartilaginous 

rtheath  of  the  notochord  becomes  more  definitely  fibrous,  while  the 

notochord   is    in   no    way   conatricted. 

A  diagrammatic   loDgitudiDal   section 

thro'igh  the    vertebral   olumn,  while 

these   changes   are   being   effected,   is 

shewn  in  fig.  320  B. 

These  processes  are  soon  carried 
further.  The  notochord  within  the 
vertebral  body  becomes  gradually  con- 
stricted, especially  in  the  median  plane, 
till  it  is  here  reduced  to  a  fibrous  band, 
which  gradually  enlarges  in  either  di- 
rection till  it  reaches  its  maximum 
thickness  in  the  median  plane  of  the 
intervertebral  region.  The  hyaline 
cartilage  of  the  vertebral  region  fonns 
a  vertebral  body  in  which  calcification 
may  to  some  extent  take  place.  The 
cartilage  of  the  base  of  the  arches 
graiiually  spreads  over  it,  and  on  the 
absorption  of  the  membraua  elasttca 
externa,  which  usually  takes  place  long 
befure  the  adult  state  is  reached,  the 
arch  tissue  becomes  indistiuguishably 
fused  with  that  of  the  vertebral  bodies, 
so  that  the  latter  are  compound  struc- 
tures, partly  formed  of  the  primitive 
cartilaginous  sheath,  and  partly  of  the 
tisSTie  of  the  bases  of  the  neural  and 
hiemal  arches.  Owing  to  the  beaded 
structure  of  the  notochord  the  vertebral 
bodies  take  of  necessity  a  biconcave 
bourglass-sliaped  form. 

The  intervertebral  regions  of  the 
primitive  sheath  of  the  notochord  firm 
fibrous  intervertebral  ligaments  enclos- 
ing the  unconstricted  intervertebral 
sections  of  the  notochord. 

A  |>eculiar  fact  may  herii  be  uotictMl  witli  refei-ence  to  the  formation 
of  the  vertebral  bodies  in  the  tail  of  Scyllium,  Raja,  and  pussibly  otht-i- 
forma,  viz.  that  there  are  double  as  many  vertebral  bodifis  as  there  are 
myotoiitet  and  spinal  iwroes.  This  is  nut  due  to  a  secondary  segmentatinn 
of  the  vertebrie  but,  as  I  have  satii^fied  myself  by  a  sturly  of  the  develop- 
ment, laked  |)lBce  when  the  verteliral  bodies  first  become  difierentiated. 
The  possibility  of  such  ti  relation  of  part«  is  probably  to  be  explained  by 
the  faot  that  the  segmentatinn  of  the  vertebral  column  arose  subsequently 
to  that  of  the  nerves  nnd  myotomes. 


»«.  neural  arch :  ha.  hamal 
arch  ;  th.  notochord ;  th.  inner 
sheath  of  DOtocliocd  :  tw.  membraua 
clBBtipa  eil^rna. 
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Ganoidoi.  In  Acipenser  and  other  cartilaginous  Ganoids  the 
Iisemal  aud  neural  arches  are  formed  as  in  Elasmobranchii,  and  rest 
upon  the  outer  sheath  of  the  notochord.  Since  however  the  aheath 
of  the  notochord  is  never  differentiated  into  distinct  vertebrae,  this 
primitive  condition  is  retained  through  life, 

Teleostei,  In  Teleostei  the  formation  of  the  vertebral  arches  and 
bodies  takes  place  in  a  mauner,  which  can  be  reduced,  except  in  certain 
minor  pointe,  to  the  same  type  as  that  of  EtAsmobranchii, 

There  are  earl;  formed  (fig.  314  k  and  k')  neural  and  hsemal  archea 
i-esting  upon  the  outer  sheath  of  the  notochord.  The  latter  structure, 
which,  as  meutiooed  on  p.  452,  corresponds  to  the  cartilaginous  sheath 
of  the  notocliord  of  Elasmobrancbii,  soon  becomes  divided  into  vertebral 
and  intervertebral  regions.  In  the  former  ossification  directly  sets  in 
without  the  alieath  acquiring  the  character  of  h3'iiline  cartilage  (Gotte,  419). 
The  latter  forms  tlie  fibrous  intervertebral  ligamenta  The  notochord 
exhibits  vertebral  constrictions. 

The  ossided  outer  sheath  of  the  notochord  forms  but  a  small  part  of 
the  permanent  vertebne.  The  remainder  is  derived  partly  from  an  ossifi- 
cation of  the  connective  tissue  surrounding  the  sheath,  and  partly  from 
the  bases  of  the  arches,  which  do  not  spread  round  the  primitive  vertebral 
iKidies  as  in  Elasmobranchii.  The  nssifications  in  the  tissue  surrounding 
the  sheath  uannlly  (tig.  319)  take  the  form  of  a  cross,  white  the  bases  of 
the  arches  {k  and  k')  remaiu  as  four  cartilaginous  radii  between  the  limbs 
of  the  osseous  cross.  In  some  instances  the  bases  of  the  arches  also  become 
ossified,  and  are  then  with  difficulty  distinguishable  from  the  other  parte 
of  the  secondary  vertebral  body.  The  i«rtH  of  the  arches  outside  the 
vertebral  bodies  are  for  the  most  part  ossified  (fig.  319).  In  correlation 
with  the  vertebral  constrictions  of  the  notochord  the  vertebral  bodies  are 
biconcave. 

Ampllibia.  Of  the  forms  of  Amphibia  so  far  studied  emhryo- 
logically  the  Salamandridte  present  the  most  primitive  type  of  forma- 
tion of  the  vertebral  column. 

It  lias  already  heen  stated  that  in  Amphibia  there  is  present 
around  the  notochord  a  cellular  sheath,  equivalent  to  the  cartilaginous 
sheath  of  Elasmobranchii.  In  the  tissue  on  thn  dorsal  side  of  this 
sheath  a  series  of  cartilaginous  processes  becomes  formed.  These 
processes  are  the  commencing  neural  arches;  and  they  rest  on  the 
cellular  sheath  of  the  notochord  opposite  the  middle  of  the  vertebral 
regions. 

A  superficial  osseous  layer  becomes  very  early  formed  in  each 
vertebral  region  of  tlie  cellular  sheath;  while  in  each  of  the  inter- 
vertebral regions,  which  are  considerably  shorter  than  the  vertebral, 
there  is  developed  a  ring-like  cartilaginous  thickening  of  the  sheath, 
which  projects  inwards  so  as  to  constrict  the  notochord.  At  a  period 
before  this  thickening  has  attained  considerable  dimensions  the  noto- 
chord becomes  sufficiently  constricted  in  the  centre  of  each  vertebral 
region  to  give  a  biconcave  form  to  the  vertebrae  for  a  very  short 
period  of  fcetal  life. 


3y  Google 


NOTOCHORD  AND   VERTEBRAL  COLVMN. 


457 


The  stt^  with  biconcave.  vertebi»  is  retained  through  life  in  the 
PerennihranchiAta  and  Gymnophioua. 

The  chief  peculiarity  which  distinguishes  the  later  history  of  their 
vertebral  columa  from  that  of  fishes 
consists  in  the  immense  development 
of  the  inUrvertehral  thickenings  just 
mentioned,  which  increase  to  such  an 
extent  as  to  reduce  the  notochord, 
where  it  passes  through  them,  to  a 
mere  band ;  while  the  cartilage  of 
which  they  are  composed  becomes  dif- 
ferentiated into  two  regions,  one  be- 
longing to  the  vertebra  in  front,  the 
other  to  that  behind,  the  hinder  one 
being  convex,  and  the  anterior  concave. 
The  two  parts  are  not  however  abso- 
lutely separated  from  each  other.  raEoro'/iL  m^D^'o^i'^r™ 

By   these    changes    each    vertebra     BftAopEsoiLocnjBfPiKB).  (From 
comes  to   be   composed  of  (1)   a  thin     Oegenbanr.) 

osseous       somewhat        hourglass-shaped  th.  notochord;  e».  notoohordal 

cjlinder  with  a  dilated  portion  of  the     £? '^'i^«l/„,"S^= 

notochord  m  its  centre,  and  (2  and  3)     arches;  ft.  osseouB  hiemal  process ; 

of    two    halves    of   two     intervertebral     n.  spinal  canal 

cartilages,  viz.  an  anterior  convex  half 

and   a  posterior   concave    half.      The   vertebrse   thus   come   to   he 


Fia.  320.    DixouH 


Gc^enbaoT.) 
ot  eglabliBfaed. 
of  the  notochord. 

of  the  notochord  by  the 


A.  Ideal  type  in  which  distinct  verl«brie  a 

B.  Type  (rf  PJBceB  with  vertebral  conntricti 
C    Ampliibian  type,  nith  intervertebrBl  c 

intervertebral  parts  of  the  cellolar  sheath. 

D.  Intervertebral  constriction  of  the  notochord  as  effected  in  Beptilia  and  Avea, 

E,  Vertebral  conatriotioa  of  the  notochord  as  effected  in  Mammalia,  the  interver- 
tebral parts  of  the  cartilaginous  sheath  being  converted  into  intervertebral  ligaments. 

e.  notochord;  en.  cnlicnlar  sheath  of  notochord ;  t.  cartilaginous  sheath  ;  t'.  vertebral 
rcfrions;  iv.  intervertebral  regions ;  g.  interveriebiol  joints. 
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opiathoccelous.  A  longitudinal  section  through  the  vertebral  column 
at  this  sta^  is  diagramiuatically  abewn  in  fig.  320  C. 

To  the  centre  of  each  of  these  verfcebm*  the  neural  archea,  the 
origin  of  which  was  described  above,  become  in  the  meantime  firoily 
attached ;  and  grow  obliquely  upwards  and  backwards,  so  as  to  meet 
and  unite  above  the  spinal  cord.  The  transverse  processes  of  the 
vertebrse  would  seem  (Fick)  to  be  developed  independently  of  the 
arches,  though  they  very  soon  fuse  with  them.  According  to  Gotte 
the  transverse  processes  are  double  in  the  trunk,  there  being  two 
pairs,  one  vertically  above  the  other  for  each  vertebra.  The  pair  on 
each  side  eventually  fuse  ti<}gether. 

In  the  tail  ha;mal  arches  are  formed,  which  are  similar  in  their 
mode  of  development  to  the  neural  arches. 

The  unconstricted  portion  of  the  notochord,  which  persists  in  each 
vertebra,  becomes  in  part  converted  into  cartil^e. 

AnOTft.  In  the  Aniira  the  proccBs  of  fomititioa  of  the  veviebral 
column  is  efwentiHlly  the  same  aa  that  in  the  SoIh  mandrill te.  Two  types  may 
however  be  observed  One  of  tlie*e  occurs  in  the  majority  of  the  Anunt, 
and  mainly  ilifFers  fi-om  that  in  Salaraandra  in  (1)  the  eaiiisr  fusion  of  the 
arches  with  the  cellular  sheaih  of  the  notochord;  (2)  the  more  rapid  growth 
of  the  intervertebral  thickenings  of  the  cellular  sheath,  which  resulta  in  the 
early  and  complete  obliteration  of  the  intervertebral  parts  of  the  notochord; 
(3)  the  complete  division  of  these  intervertebral  thickenings  into  anterior 
and  posterior  jKirtions,  which  unite  with  and  form  the  articular  surfaces  of 
two  contignoua  vertebrse.  The  vertebrte  are  moreover  proooeioua  instead 
of  being  0|ii:ithoccelou8. 

The  unconstricted  vertebral  aectiona  of  the  notochord  always  persist  till 
the  ossification  of  the  vertebra  lias  takeu  place.  In  some  forms  thej 
remain  through  life  (Rana),  while  in  other  cases  they  eventually  either 
wholly  or  pailially  disappear. 

The  second  type  of  vertebral  development  is  found  in  Bombinator, 
Faeudia,  Plpa,  and  Pelobates.  In  these  genera  the  formation  of  the 
vertebra  takes  place  almnat  entirely  ou  the  dorsal  side  of  the  notochord ; 
no  that  the  latter  forms  a  band  on  tbe  ventral  side  of  the  vertebral  column. 
In  other  reapecls  the  historyof  the  vertebral  column  ia  the  same  in  the  two 
caaea ;  the  vertebral  unconstricted  parts  of  the  notochord  appear  however 
to  become  in  \iaxX  converted  into  cartil^e.  Tlie  type  ot  formation  of 
the  vertebral  column  in  these  genera  has  been  distinsuished  as  epichordal 
in  contradistinction  to  the  more  uoiinal  or  perichordal  type. 

Anmiota.  In  the  Amniota  all  trace  of  a  distinction  between  a 
cellular  notochord  sheath  and  an  arch  tissue  is  lost,  and  the  two  arc 
developed  together  as  a  continuous  whole,  forming  an  unsegmented 
tube  round  the  notochord,  with  a  neural  ridge  which  does  not  at  first 
nearly  invest  the  neural  cord.  This  tube  becomes  differentiated,  in 
the  manner  already  described  for  other  types,  into  (1)  vertebral 
regions  with  true  arches,  and  (2)  intervertebral  regions. 

Septilia,  In  Replilia  (Gegenbaur,  No.  416)  a  cartilaginous  tube 
is  formed  round  the  itotuchurd,  which  ia  continuous  with  the  carti- 
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1t^nou9  neiir&l  arches.  The  latter  are  placed  in  the  vertebral  regiooB, 
and  in  tbese  regions  ossification  very  early  seta  in,  while  the  noto- 
chord  remains  relatively  UDConstricted.  In  the  intervertebral  regions 
the  cartilage  becomes  thickened,  as  in  Amphibia,  and  gradually  con- 
stricts the  notocbord.  The  cartilage  in  each  of  the  intervertebral 
regions  soon  beconiea  divided  into  two  parts  which  form  the  articular 
faces  of  two  contiguous  vertebne. 

The  general  character  of  the  vertebral  column  on  the  completion 
of  these  changes  is  shewn  in  fig.  320  D.  The  later  changes  aie 
relatively  unimportant.  ITie  constricted  intervertebral  sections  of 
the  notocbord  rapidly  disappear,  while  the  vertebral  sections  become 
partially  converted  into  cartilage,  and  only  cease  to  be  distinguishable 
at  a  considerably  later  peiiod. 

The  ossification  extends  from  the  bodies  of  the  vertebne  into  the 
arches  and  into  the  articular  surfaces,  so  that  the  whole  vertebrae 
eventually  become  ossified. 

The  Ascalaljotee  (Gnckos)  present  an  exceptional  type  of  v^^rtt^bnd 
column  wliich  has  many  of  the  characters  of  a  dove'opmental  stage  in 
otber  Lizaida  Thn  body  of  the  vertebra  is  formed  of  a  slightly  honrglass- 
chaped  oHseouH  tube,  united  with  ndjoining  vertebne  by  a  shoi-t  inter- 
vertebittl  cartilage,  l^ere  is  a  ])eraistent  and  continuons  notocbord  which, 
owing  to  the  small  development  of  the  int-rT vertebral  cartilages,  ia  narrower 
in  the  vertebral  than  in  the  inlei'vertebral  regions. 

Aves.  In  Birds  the  cellular  tube  formed  round  the  notocbord 
is  far  thicker  than  in  the  Reptilia.  It  is  continuous  in  the  regions 
of  the  future  vcrtcbrse  with  neural  arches,  which  do  not  at  first  nearly 
enclose  the  spinal  cord. 

On  about  the  fifth  day,  in  the  case  of  the  chick,  it  becomes  differ- 
entiated into  vertebral  regions  opposite  the  attachments  of  the  neural 
arches,  and  intervertebral  regions  between  them ;  the  two  seta  of 
regions  being  only  distinguished  by  their  histological  characters. 
Very  shortly  afterwards  each  intervertebral  region  becomes  segmented 
into  two  parts,  which  respectively  attach  themselves  to  the  contiguous 
vertebral  regions.  A  part  of  each  intervertebral  region,  immediately 
adjoining  the  notocbord,  does  not  however  undergo  this  division,  and 
afterwards  gives  rise  to  the  ligamentum  suspenaorium. 

The  notocbord  during  tbese  changea  at  first  remains  indifferent, 
but  subsequently,  on  about  the  seventh  day  in  the  chick,  a  slight 
constriction  of  each  vertebral  region  takes  place;  so  that  the  ver- 
tebne have  temporarily,  as  they  have  also  in  Amphibia,  a  biconcave 
form  which  repeats  the  permanent  condition  of  most  fishes.  By 
the  ninth  and  tenth  days,  however,  this  condition  has  completely 
disappeared,  and  in  all  the  intervertebral  portions  the  notocbord  has 
become  distinctly  constricted,  and  at  the  same  time  in  each  vertebral 
portion  there  have  also  appeared  two  constrictions  of  the  notocbord 
giving  rise  to  a  central  and  to  two  terminal  enlai^emente. 

On  the  twelfth  day  the  ossification  of  the  cartilaginous  centra 
commences. 
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The  first  vertebra  to  ossify  is  the  secx)nd  or  third  cervical,  and  the 
ossification  gradually  extends  to  those  behind.  It  does  not  commence 
in  the  arches  till  somewhat  later  than  in  the  bodies.  For  each  arch 
there  are  two  centres  of  ossification,  one  on  each  side. 

The  notoohord  persists  for  the  greater  part  of  fcetal  life  and  even 
into  post-fostal  life.     The  lai^er  vertebral  portions  are  often  the  first 
completely  to  vanish.     They  would  seem  in  many  cases  at  any  rate 
(Gegenbaur)  to  be  converted  into  cartilage,  and  so  form  an  integral 
part  of  the  permanent  vertebrae.     Ru- 
diments of  the  intervertebral  portions 
of  the  notochord  may  long  be  detected 
'^'  in  the  ligamenta  suspensoria. 

fl  Scliwarck  {No.  420)  states  that  in  both 

the  intervertebral  and  the  vertebral  regions, 
though  less  conspicuously  Ja  the  former, 
tt~  the  cartilage  is  divided  into  two  layers,  an 

inner  and  an  outer.  He  holds  that  the 
inner  layer  corresponds  to  the  cartilaginous 
notochordal  sheath  of  the  lower  types, 
and  the  outer  to  the  arch  tissue.     Ossi- 

n..  on.      r cDiMii  BEG-     fi^tiou  {Gegenbftur)  of  the  centra  apjiears 

VEBTEBBit     in  a  special  inner  layer  of  cartilage,  wliich 
-KEKS'  aciuH     ia  probably  the  same  as  the  inner  layer 
""*■     of  the  earlier  stage,  though  this  point  has 
(From  Kolliker.)  ^^^  y^^^^  definitely  establiBhed. 

p.  oaitilaginonB  vertebral  body ;  „  t        mi_  1      1        1 

K,  intervertebral  ligament;       eft.  MaDUUalia.    1  lie  early  development 

notochord.  of  the    perichordal    cartilaginous    tube 

and  rudimentary  neural  arches  is  almost 
the  same  in  Mammals  as  in  Birds.  The  differentiation  into  vertebral 
and  intervertebral  regions  is  the  same  in  both  groups ;  but  instead  of 
becoming  divided  as  in  Keptilia  and  Birds  into  two  segments  attached 
to  two  adjoining  vertebne,  the  intervertebral  regions  becoTtie  in 
Mammals  wholly  converted  into  the  intervertebral  ligaments  (fig.  322 
li).  There  are  three  centres  of  ossifications  for  each  vertebra,  two 
in  the  arch  and  one  in  the  centrum. 

The  fate  of  the  notochord  is  in  important  respects  different  from 
that  in  Birds.  It  is  first  constricted  in  tiie  centre  0/  the  vertebrtB  (figs. 
320  E  and  321)  and  disappears  there  shortly  after  the  ossification ; 
while  in  the  intervertebral  regions  it  remains  relatively  unconstricted 
(figs.  3SJ0  E,  321  and  32^  c)  and  after  undergoing  certain  histological 
changes  remains  through  life  as  part  of  tlie  nucleus  pulpostis  in  the 
aicis  of  the  invertebral  ligam^enis^.  There  is  also  a  slight  swelling  of 
the  notochord  near  the  two  extremities  of  each  vertebra  (fig.  322 
c  and  c").     In  the  persistent  vertebral  constriction  of  the  notochord 

'  This  view  was  firBt  put  forward  by  Lusbka,  and  bia  snrmises  bave  bei^  conflnned 
by  E511iker  and  other  embryologiBU.  Leboncq  (!4o.  4)4)  however  holds  that  the  cells 
of  the  notochord  in  the  intervertebral  resions  fuse  with  those  of  the  adjoininR  timoe ; 
and  DurBf  and  others  deny  that  the  nucleus  pulposus  Is  deriv^  from  the  notochord. 
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Uammals  retain  a  more  primitive  and  piscine  mode  of  formation  of 


Fia.  322.    LoNoiTDDiNAL  sec; 

oi>  A  Hheep.     [From  KOUiker.) 

la.  lignmentnm  longitudinale  onteriuB ;  Ip.  ligamentum  long,  posterins;  li,  ligK- 
tnentum  intervertebrale ;  k,  k',  epiphyniB  of  vertebra ;  tc.  and  tc'.  anterior  and  posterior 
vettebrte ;  c.  intervertebral  dilatation  of  Dotochoid ;  c'.  and  c".  vertebral  dilatation  of 
notocbord. 

the  vertebral  column  than  the  majority  either  of  the  Reptilia  or 
Amphibia. 
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Bibs  and  Sternum. 
Bibs.  Embryological  evidence  on  tlie  development  of  the  ribs, 
though  somewhat  inadequate,  indicates  that  they  arise  as  cartila- 
gifious  bars  in  the  connective  tissue  of  the  intermuscular  septa, 
and  that  they  are  placed  (in  the  Ichthyopsida  at  any  rate)  on 
the  level  of  division  between  the  dorso-lateral  and  ventro -lateral 
divisions  of  the  muscle-plates.  They  may  be  attached  either  to  the 
hfeiiial  (Pisces)  or  neural  (Amphibia  and  Amntota)  arches.  The  con- 
nective tissue  from  which  they  are  formed  is  continuous  with  the  ' 
processes  of  the  vertebra)  to  which  they  are  attached ;  but  the  con- 
vorsion  of  the  tissue  into  cartilage  takes  placo  more  or  less  indepen- 
dently of  that  of  the  arches,  although  in  many  cases  the  cartilage  of 
the  two  becomes  continuous,  the  separation  of  the  ribs  being  then 
effected  by  a  subsequent  process  of  segmentation  (Fick,  No.  43 1 ).  It 
is  possible  that  the  ribs  of  Pisces  may  not  be  homologous  with  those 
of  Amphibia  and  the  Amniota,  but  till  the  reverse  can  be  proved  it  is 
more  convenient  to  assume  that  the  ribs  aie  homologous  structures 
throughout  the  vertebrate  series. 

In  Elasmobrttochii  the  ribs  are  relatively  of  less  impurtance  in  the 
adult  than  in  the  embryo.  By  a  carttful  examination  of  their  early  develop- 
ment, I  have  satisfied  myattlf  tlmt  the  ilifierentiation  of  the  riba  is  indepen- 
dent of  thai  of  the  luemal  processes  t«  which  they  are  attachts],  nlthuugb 
the  dilfurenti&tiou  proceeds  in  nuch  a  manner  that,  when  both  are  converted 
into  cartiUgo,  they  are  quite  coutiniious.  Subsequently  the  rilui  become 
K^meuted  otT  from  the  hKual  processes.  At  the  Junction  of  the  tail  and 
trunk,  where  the  hnmai  processes  commence  to  be  veutrally  prolonged, 
eventually  to  unite  in  the  region  of  the  tail  below  the  caudal  vein,  the  rilw 
are  attached  to  short  processes  which  spring  from  the  siJes  of  the  hEDial 
arches  (dg.  317).  Thd  vential  hiemal  arches  of  these  fishes  are  therefore 
clearly  in  no  part  formed  by  the  ribs. 

In  Gauoidei  and  Teleostei  there  is  very  great  difficulty  in  determining 
the  homologies  of  the  ribs. 

In  the  cartilaginous  Ganoidei  there  are  well  developed  rib-like  struc- 
tures, which  might  be  regarded  as  homolc^ous  with  Elasmobranch  ribs, 
and  indeed  prolubly  are  so ;  but  at  the  same  time  their  relations  are  in 
some  respocte  very  different  from  those  of  Elasmobranch  ribs  in  the  csndal 
region.  In  Ganoids  the  ribs,  in  apprcacbing  the  tail,  become  shorter  and  then 
fuse  with  the  euds  of  the  hvmal  processes,  and  finally  in  the  caudal  region 
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form  together  with  th«  hiemal  artrlies  &  ciuaed  hiemal  canal  which  superficidly 
reHemblea  that  in  Ehuiiiiiibnuichii- 

Iq.  LepidosteoB  and  Amia,  especially  the  former,  the  Bunie  phenomeaon 
in  still  more  marked ;  tuid  in  Lepidosteiis  it  is  easy,  in  pa^-ning  backwards, 
to  trace  the  ribs  bending  ventral-warda,  and  uniting  voDtrally  iu  the  caudal 
region  to  form,  with  the  hienial  procehsea,  a  oumplete  hsual  canal. 

Id  might  have  been  anticipated  that  the  Teleostean  Ganoids  would 
resemble  the  Teleostei,  but,  from  an  examiijation  of  adult  Teleustei,  it 
would  aeem  to  be  clear  that  the  reliitians  of  the  parts  lue  the  same  as  in 
Elasmobranchii,  i.e.  that  the  ribs  have  no  share  in  forming  the  hcemal 
canal  in  the  tail.  Aug.  Mtlller  and  Ootte  have  however  brought  embryo- 
logical  evidence  {though  not  of  a  conclusive  character),  to  shew  thitt  in  the 
embryo  the  ribs  really  fuae  with  the  htemal  processes  in  the  tail,  and  so 
assia^  aa  in  the  Ganoids,  in  forming  the  heemal  canaL  Giitte  moreorer  holds 
that  the  ribs  in  Elaamobmnchii  are  not  homologous  with  those  of  Teleostei 
and  Ganoids;  but  that  the  hiemal  arches  in  the  tail  are  homologous  in  the 
three  groups. 

Without  necewarily  following  Giitte  in  these  views  it  is  worth  pointing 
out  that  the  undoubtedly  close  affinity  between  the  bouy  Ganoids  and  the 
Teleostei  is  in  favour  of  the  view  on  the  htemal  arches  of  Teleostei  at 
which  be  has  arrived  on  embryological  grounds. 

In  Amphibia  the  formatinn  of  the  ribs  from  the  eonnective  tixsue  of  the 
intermuscular  septa,  their  secondary  attachment  to  the  transverae  processes 
of  the  neural  arches,  and  their  subsequont  separation  was  first  clearly 
established  by  Fick  (No.  431),  whose  statements  have  since  been  confirmed 
by  Hasse,  Bom,  &c.,  and  in  part  by  Gijtte,  who  holds  however  that,  though 
converted  into  cartilage  independently  of  the  transverse  processes,  they 
ai-e  fiirmed  in  membrane  as  outgrowths  of  these  processes. 

Ill  the  Amniota  the  ribs  are  also  independently  established  (Hasse  and 
Bom),  though  they  subsequently  become  unit«d  to  the  transverse  processes 
and  to  the  bodif«  of  the  vertebrw,  or  to  the  transverse  processes  only. 
This  junction  is  however  stated  by  the  majority  of  authorities,  never  to 
be  effected  by  the  fusion  of  the  cartilage  of  the  two  parts,  but  always  by 
fibrous  tissue ;  though  Hoffman  (No.  435)  takes  a  different  view  on  this 
subject,  holding  that  the  libs  are  at  first  continuous  with  the  intervertebral 
regions  of  the  primitive  cartilaginous  tube  surrounding  the  notochord. 

Sterntun.  In  dealing  with  the  development  of  the  sternum  it 
will  be  coDvenient  to  leave  out  of  conaideratioo  the  interclavicle  or 
epistemum  which  ia,  properly  speaking,  only  part  of  the  shoulder- 
girdle  and  to  confine  my  statements  to  the  sternum  proper. 

This  structure  is  found  in  all  the  Amniota  except  the  Opbidia, 
Chelonia,  and  some  of  the  Amphisbsense. 

From  the  older  researches  of  Rathke,  and  from  the  newer  ones  of 
Gotte,  etc.,  it  appears  that  the  ateroum  ia  always  formed  from  the 
fusion  of  the  ventral  extremities  of  a  certain  number  of  ribs.  Tlie 
extremitiea  of  the  ribs  unite  with  each  other  from  before  backwards, 
and  thus  give  rise  to  two  cartilt^nous  bands.  These  bands  become 
segmenteu  off  from  the  ribs  with  which  they  are  at  first  continuous, 
and  subsequently  fuse  in  the  median  ventral  line  to  form  an  unpaired 
sternum.     The    Mammalian   presternum    (manubrium    aterni)   and 
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xiphosternum  have  the  same  origin  as  the  main  body  of  the  sternum 
{Ruge,  No.  438). 

Id  the  Ajnphihia  there  is  no  structure  which  admits  from  its 
mode  of  development  of  a  complete  comparison  with  the  sternum 
of  the  Amniota ;  and  it  must  for  this  reason  be  considered  doubtful 
whether  the  median  structure  placed  behind  the  coracoids  in  the 
Anura,  which  is  usually  known  as  the  sternum,  is  really  homologouti 
with  the  sternum  of  the  Amniota'. 

The  remaining  Ichthyopsida  are  undoubtedly  not  provided  with  a 
sternum. 
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of  the  higher  types. 


3y  Google 


CHAPTER   XIX. 

THE  SKULL. 


Three  distinct  sets  of  elements  may  enter  into  the  composition 
of  the  skull.  Tliese  are  (1)  the  cranium  proper,  composed  of  true 
enduakcletal  elements  originally  formed  in  cartilage,  to  which  are 
usually  added  exoskeletal  osseous  elements,  formed  in  the  manner 
already  described  p.  447,  and  known  in  the  higher  types  as  membrane 
bones.  (2)  The  visceral  arches  formed  primitively  as  cartilaginous 
bars,  but  in  the  higher  types  largely  supplemented  or  even  replaced 
by  exoskeletal  elements.     (3)  The  labial  cartilages. 

These  parts  present  themselves  in  the  most  various  forms,  and 
their  study  constitutes  one  of  the  most  important  departments  of  verte- 
brate morphology,  and  one  which  has  always  been  a  favourite  subject 
of  study  with  anatomists.  At  the  end  of  the  last  century  and  during 
the  first  half  of  the  present  century  the  morphology  of  the  skull  was 
handled  from  the  point  of  view  of  the  adult  anatomy  by  Goethe,  Oken, 
Cuvier,  Owen,  and  many  other  anatomists,  while  Dug^  and,  nearer 
to  our  own  time,  Bathke,  laid  the  foundation  of  an  embryological 
study  of  its  moiphology.  A  new  era  in  the  study  of  the  skull  was 
inaugurated  by  Huxley  in  his  Croonian  lecture  in  1S58,  and  in  hia 
lectures  on  Comparative  Anat,omy  subsequently  delivered  before  the 
Royal  College  of  Surgeons.  In  these  lectures  Huxley  disproved  the 
then  widely  accepted  view  that  the  skull  was  composed  of  four  ver- 
tebne;  and  laid  the  foundation  of  a  more  satisfactory  method  of 
dealing  with  the  homologies  of  its  constituent  parts.  Since  then  the 
knowledge  of  the  development  of  the  skull  has  made  great  progress. 
In  this  country  a  number  of  very  interesting  memoirs  have  been 
published  on  the  subject  by  Parker,  which  together  constitute  a  most 
striking  contribution  to  our  knowledge  of  the  ontogeny  of  the  skull 
in  a  series  of  types;  and  in  Germany  Gegenbaur's  monograph  on  the 
cephalic  skeleton  of  EInsmobrancbii  has  greatly  promoted  a  scien- 
tihc  appreciation  of  the  nature  of  the  skull. 

In  the  present  chapter  only  the  most  important  features  in  the 
development  of  the  skull  will  be  touched  on. 
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CONSTITUENTS   OF  TUB  CRANIUM. 


It  will  be  coiiveoieDt  to  describe,  io  the  first  mataace,  the  develop- 
laent  of  the  cartilaginous  elemeots  of  the  ekull. 

The  Craninni.  The  brain  is  at  first  enveloped  in  a  continuous 
layer  of  mesoblast  known  as  the  memhrKDous  cranium,  into  the  base 
of  which  the  anterior  part  of  the  notochord  is  prolonj^ed  for  some 
distance.  The  primitive  ct^iti^inous  craniiim  is  formed  by  a  differ- 
entiation within  the  membranous  cranium,  and  is  always  cumpused 
of  the  following  parts  (fig.  323) : 

(1)     A  pair  of  cartiTi^iDous  plates  on  each  side  of  the  cephalic 
section  of  the  notochord,  known 
p_»  as  the   parachordals  ^pa.  ch). 

These  plates  together  with  the 
notochord  {nc)  enclosed  between 
them  form  a  flo<^  for  the  hind- 
and  mid-brain.  The  continuous 
plate,  formed  by  them  and  the 
notochord,  is  known  as  the  ba- 
silar plate. 

(2)  A  pair  of  bars  forming 
the  floor  for  the  fore-brain, known 
as  the  traheculse  {tr).  These 
bars  are  continued  forward  from 
the  parachordals.  They  meet 
behind  and  embrace  the  front 
end  of  the  notochord ;  and  after 
separating  fur  some  distance  bend 
in  again  in  such  a  way  as  to 
enclose  a  space — the  pituitaiy 
space.  In  front  of  this  space 
they  remain  in  contact  and  gene- 
rally unite.  'They  extend  for- 
wards into  the  nasal  region 
{pn). 

(3)  The  cartilaginous  cap- 
sules of  the  sense  organs.  Of 
these  the  auditory  (om)  and  ol- 
factory capsules  [ol]  unite  more  or  less  intimately  with  the  cranial 
walls ;  while  the  optic  capsules,  forming  the  usually  cartilaginous 
sclerotica,  remain  distinct. 

The  parachordals  and  notochord.  The  first  of  these  sets  of 
elements,  viz.  the  parachordals  and  notochord,  forming  t<^ther  the 
basilar  plate,  is  always  an  uosegmented  continuation  of  the  axial 
tissue  of  the  vertebral  column.  It  forms  the  floor  for  that  section  of 
the  brain  which  belongs  to  the  primitive  postoral  part  of  the  head 
{vide  p.  2G1),  and  its  extension  is  roughly  that  of  the  hasioccipital  of 
the  adult  skull.  Its  mode  of  development  is  almost  identical  with 
that  of  the  vertebral  column,  except  that  the  notochord,  even  in  many 
forms  where  it  persists  in  the  vertebral  column,  disappear  in  the 


FtQ.  8:13.    Hbad  ( 


>  DoariuH, 


(From  Fuker.) 

of.  oUnctoij  "»<» ;  au.  auditory  capenle 
ne.  notochord;  py-  pituitary  body;  pack. 
puaelioidal  cartilage;    (r.  trabecuU;    •'»' 
infundibulani ;  Cfr.  oomna  trabecola; 
preiusal  element ;  tp.  Bpiracalor  eleft , 
eitemal  bmujuie ;  CL  1,  4.  TJaoenl  detts. 
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basilar  plate;  though  in  a  certain  number  of  c&sea  remn&nta  of  it  are 
found  in  the  adult  state. 

It  will  be  convenient  to  say  a  few  words  here  with  reference  to  the 
notochord  in  the  head.  It  always  extends  along  the  floor  of  the  mid- 
and  hind-braina,  but  ends  immediittely  behind  the  infuudibulum.  The 
limits  of  its  anterior  extension  are  clearly  shewn  in  fig.  43.  The  front  end 
of  the  notochord  often  becomes  more  or  less  ventrally  flexed  in  con-e- 
spondenoe  with  the  cranial  flexure;  its  anteri'ir  end  being  in  some  instances 
(Elaamobranchii)  almost  bent  baokwarda  (fig.  324). 

Kiilliker  has  shewn  that  in  the  Babbit',  and  I  believe  that  a  more  or 
leas  similar  phenomenon  may  also  be  ob- 
served in  Birds,  the  ant«iiar  end  of  the 
notochord  U  united  to  the  hy]>obkst  of 
the  throat  in  immediate  contiguity  with 
the  opening  of  the  pituitary  body  ;  but  it  is 
not  clear  whether  this  is  to  be  looked  upon 
as  the  remnant  of  a  primitive  attachment 
of  the  notochord  to  the  hypoblast,  or  as  a 
secondary  attachment. 

Before  the  particfaca^ab  are  formed 
the  anterior  end  of  the  notochord  has 
osually  undergone  a  partial  atrophy ;  and 
its  front  end  often  becomes  somewhat 
dorsally  flexed.     Witliia  the  basilar  plata 

it  often  exhibits  two  or  more  dilatntions,  '™-  '84-     LoKoitoiiriiL  bbc 

which  have  been  resarded  by  Parker  and     "*"!.  'S!!*'^^  '^'    ^"™   "'  * 
Kelhker  as  indicative  of  a  eezmeiitatioin  ,    ,  , 

■  .,  ,        ,   .        ,     .    .1        i      ji  J.  "T'  commenoemenl  of  the  cere- 

of  this   plate ;  bnt   they  hardly  appear  to      bral  hemisphere:  pn.  pineal  sbtnd ; 
me  to  be  capable  of  this  iatArpretation.  7n.infani)ibn]nm;iit.iiigrowthf  om 

In  El^mobmnclu  where,  M  she™    ^^""15  S'Siffili: 
above,  a  very  primitive  type  of  develop-     notoohord;   al.  alimentary  tract; 
Dient  of  the    vertebral    columa    is   re-     Tiu*.  artery  of  mandibular  ardi. 
tained,  we  find  that  the  basilar  plate 

is  at  first  formed  of  (1)  the  notocliord  invested  by  its  cartila^noua 
sheath,  and  (2)  of  lateral  masses  of  cartilage,  the  parachordals,  homolo- 
gous with  the  arch  tissue  of  the  vertebral  column.  This  development 
probably  indicates  that  the  basilar  plate  contains  in  itself  the 
same  elements  as  those  from  which  the  neural  arches  and 
the  centra  of  the  vertebral  column  are  formed;  but  that  it 
nevev  passes  beyond  the  unsegmented  stage  at  first  charac- 
teristic of  the  vertebral  column.  The  hinder  end  of  each 
parachordal  forms  a  condyle  articulating  with  the  first  vertebra; 
so  that  in  the  cartilaginous  skull  there  are  always  two  occipital 
condyles.  The  basilar  plate  always  grown  up  behind  (fig.  326,  so), 
and  gives  rise  to  a  complete  (^rtilaginous  ring  enveloping  the 
medulla  oblongata,  in  the  same  miuiner  that  the  neural  arches 
envelope  the  spinal  cord.  This  ring  forms  an  occipital  cartilaginous 
ring;  in  front  of  it  the  basilar  plate  beiomes  laterally  continuous 
>  "EmbrTologiKbe  Mittheilongen."     PfUchrifi  d.  ffatitrftt.  QewU.,  Halle,  1879. 

30—2 


rfbyGoOgIC 


46H 


THE   rRABECUL.t:. 


with  the  periotic  cartikgioous  capsiiteH,  aud  the  ocoipitui  riug  al>uve 
uaiia'ly  spreads  forward  to  form  a  roof  for  the  part  of  the  brain 
between  these  capsules.  In  the  higher  Vertebrates  the  periotic 
cartilages  may  be  developed  continuously  with  the  basilar  plate 
(tig.  325). 

The  trabecols.  The  trabecule,  so  far  as  their  mere  anatomical 
relations  are  coucemed,  play  the  same  part  in  forming  the  floor  for 
the  front  cerebral  vesicle  as  the  jiarachordals  for  the  mid-  and  hind- 
brains.  They  differ  however  from  the  parachordals  in  one  important 
feature,  viz.  that,  except  at  their  hinder  end  (fig.  323),  they  do  not 
embrace  between  them  the  notochord. 

The  notochord  constitutes,  as  we  have  seen,  the  primitive  axial 
skeleton  of  the  body,  and  its  absence   in  the  greater  part   of  the 
region  of  the  trabeculie  would  probably  seem  to  indicate,  as  pointed 
out  by  Gegenbaur,  that  these  parts,  in  spite  of  their  similarity  to 
the   parachordals,   have   not  the 
—  same  morphological  significance: 

The  nature  of  the  trabeculK  has 
been  much  disputed  by  morpholo- 
gista.  The  view  that  they  cannot 
l)e  regarded  as  the  anteiior  station 
of  the  veitebral  axis  is  supported  by 
the  cousidtoation  that  the  forward 
limit  of  the  primitive  skeletal  axis, 
OS  marked  by  the  uotochord,  coin- 
cides exactly  with  the  distinction  we 
liave  found  it  necessary  to  recognise, 
on  entirely  independent  grounds, 
lietween  the  fore-brain,  and  the 
remainder  of  the  nervous  Hxia  But 
while  this  distinction  between  the 
l>arachon)aIs  and  the  tra1>eciilE  must 
1  think  be  admitted,  I  see  no 
reason  aguiuBt  supposing  that  the 
ti-abecnlffi  may  be  plates  developed 
to  support  the  fioor  of  the  fore- 
brain,  for  the  name  physiologicflJ 
reasons  that  the  parachordals  have 
become  formed  at  the  sides  of  the 
notochord  to  support  the  floor  uf 
the  hind-brain,  fiy  some  anatomists 
the  trabeculiB  have  been  held  to  be 
a  pair  oi'  branchial  bars;  but  this 
view  has  now  been  generally  given 
up.  They  have  also  been  regarded 
as  equivalent  to  a  complete  pair  of 
neui-al  arches  enveloping  the  front 
end  of  the  braia  The  primitive 
extension  of  the  base  of  the  fore- 
brain  tlirou;{h  the  pituitary  space  is 


Fio.  325.     View  c 


(After  Parker.) 

In  order  to  shew  this,  the  whole  of 
the  apper  portion  of  the  head  has  been 
sliced  away.  The  cartilsgiaouH  portionB 
ol  the  tkuU  are  marked  with  the  dark 
hoHzoDtal  Bhading. 

erl,  cerebral  vesiele  (sliced  off);  «. 
eye  ;  tie.  notochoid  ;  ir.  iuTegtiiig  mosa  ; 
&.  foramen  for  the  exit  of  the  ninth  nerve ; 
el.  cochlea;  hic.  hoiizoatal  aemicircnlar 
canal;  ;.  qnadrate;  5.  notch  for  the 
paoaage  of  the  fifth  nerve ;  Ig.  expanded 
anterior  end  of  the  investing  mass;  pU. 
pituitary  spaoe;  tr.  trabecohe.  The  re- 
ference line  tr.  has  been  accidentally 
uiide  to  end  a  little  sYio:  t  of  the  cartilage. 
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In  the  majority  of  the  lower  forms  the  trabeculse  arise  quite  inde- 
pendently of  the  parachordals,  though  the  two  sets  of  elements  soon 
unite  ;  while  in  Birds  (fig.  325)  and  Mammals  the  parachordals  and 
trabeciila;  are  formed  aa  a  continuous  whole.  The  junction  between 
the  trabeculie  and  parachordals  becomes  marked  by  a  cartilaginous 
ridge  known  as  the  posterior  clinoid. 

The  trabeculit;  are  usually  somewhat  lyre-shaped,  meeting  in  front 
and  behind,  and  leaving  a  large  pituitary  space  between  their  middle 
parts  (figs.  323  and  Si'>).     Into  this  space  there  primitively  project* 


Flo.  826.  SiDK  view  01-  thk  cshtiuoinouh  cB*snisi  or  a  Fowt  on  the 
SEVENTH  DAY  OF  iNCUBATioK.  (After  Parker.) 
}>ii.  prenasal  e&rtiliiffe  ;  alii.  klinasal  cartilage;  alt,  alietbmoid  ;  immedialety  betow 
this  is  toe  aliseptal  curtilage,  eth.  ethmoid ;  pp.  jinn  plana ;  pi.  prespheiioid  or  inter- 
orbital;  pa.  palatine;  pg.  pterTgoid;  i.  optio  nerve ;  on.  Blisphenoid ;  j.  quadrate; 
If.  stapes;  /r.  fenestra  rotunda;  tuo.  horizontal  semicircular  canal;  pic.  posterior 
vertiosi  semicircular  canal ;  both  the  anterior  and  the  posterior  Hemicircular  canals  are 
seen  shining  through  the  cartilage,  la.  supraoccipiCat ;  to.  eioccipital;  oe.  occipital 
aond;le;  iic.  nolochord;  mk.  Meckel's  cartilage ;  ch,  cerato-hjal;  bh.  baM-hjal;  cbr. 
and  tbr.  ceiato-branchial ;  bbr.  basibranohial. 

the  whole  base  of  the  fore-brain,  but  the  space  itielf  gradually  be- 
comes narrowed,  till  it  usually  contains  only  the  pituitary  body.  The 
carotid  arteries  always  pass  through  it  in  the  embryo;  but  in  the 
higher  forms  it  ceases  to  be  perforated  in  the  adult.  The  trabeculm 
soon  unite  together  both  in  front  and  behind  and  form  a  com- 
plete plate  underneath  the  fore-brain,  and  extending  into  the  nasal 
region'.  A  special  vertical  growth  of  this  plate  in  the  region  of  the 
orbit  forms  the  interorbital  plate  of  Teleostei,  Lacertilia  and  Aves 
(fiij.  326,  jm),  on  the  upper  surface  of  which  the  front  part  of  the 
brain  rests.  The  traliecuhir  Hoor  of  the  brain  does  not  long  remain 
simple.  Its  sides  grow  vertically  upwards,  forming  a  lateral  wall  for 
the  brain,  in  which  in  the  higher  types  two  regions  may  be  distin- 
guished, viz.  an  alisphenoidal  region  (fig.  326,  an)  behind,  growing 
out  fnim  what  is  known  as  the  basisphenoidal  region  of   the 
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primitive    tmbeculae,   and   an   orbitosphenoidal    region    in   frcHit 

f rowing  out  from  the  presphenoidal  region  of  the  trabecule, 
bese  plates  form  at  firat  a  continuous  lateral  wall  of  the  cranium. 
At  the  front  end  of  the  brain  they  are  continued  inwards,  and  more 
or  less  completely  separate  the  true  cranial  cavity  from  the  nasd 
r^on  in  front.  The  region  of  the  cartilage  forming  the  anteriur 
boundary  of  the  cranial  cavity  is  known  as  the  lateral  ethmoid 
region,  and  it  is  always  perforated  for  the  passage  of  the  olfactory 
nerves. 

The  cartilaginous  walls  which  grow  up  from  the  trabecular  floor 
of  the  cranium  generally  extend  upwards  so  aa  to  form  a  roof, 
though  almost  always  an  imperfect  roof,  fur  the  cranial  cavity.  In  tho 
higher  types,  in  Mammals  more  especially,  this  roof  can  hardly  be 
said  to  be  formed  at  all.  The  region  of  the  trabecuiie  in  front  of  the 
brain  is  the  ethmoid  regiou.  The  basal  part  of  this  region  forms  an 
intemasal  plate,  from  wbicb  an  intemasal  septum  may  grow  up 
(tig.  326).  To  its  sides  the  olfactory  capsules  are  attached,  and  there 
are  usually  lateral  out^wths  in  front  forming  tbe  trabecular  comua, 
while  from  the  posterior  part  of  tbe  ethmoidal  plate,  forming  the 
anterior  boundary  of  the  cranial  cavity,  there  often  grows  out  a  pre- 
frontal or  lateral  ethmoidal  process. 

These  and  other  processes  growing  out  from  the  trabeculae  have 
occasionally  heen  regarded  as  rudimentary  pneorol  branchial  archeo.  J 
have  already  stuted  it  as  my  view  that  the  existeiice  of  branchial  arebes 
ill  this  region  is  highly  improbable,  and  I  may  add  that  the  development 
of  these  structures  aa  outgrowths  of  the  tkuU  is  in  ib-elf  to  my  mind  a  nearly 


Fio.  337.  Skull  or  uiIjlt  Doanaa,  sidb  tibw.  (From  Parker.) 
O.C.  occipital  condyle ;  iu.  periottc  capsule ;  Pt.O.  pterotio  ridge ;  Sp.O.  qihenalic 
procesa;  {{.Or.  aDpiaorbilal  ridge;  Ha.  na!^al  capsule ;  AW.  prenaul  cartilaBe ;  i/.  optic 
foramen  ;  V.  tiigeniijial  foramen  ;  PUl't.,  Qu.  pterjgo-quadrate  arcade;  M.Pt.  tneta- 
pterygoid  ligament  (inclnding  a  Hmall  cartilage) ;  FLTr.  ethmo-pala tine  or  palato- trabe- 
cular ligament ;  3Jci.  lower  jaw;  Sp.  spiracle;  /f.iir.  hyomandibular;  C.if y.  oentohyal : 
nt.A.f.  mandilinlo-hyoid ligament;  I'h.^r.ph^iynKobrtuichial;  £.fir.  epibruichial;  Cbr, 
oeratobranchial ;  ^.Sr.  t^pobranchial;  H.Br,  basibrancbial ;  Ex.Br.  eitrabraDcbial : 
''•'■*<'>'-  labial  cartilages :  ibe  dotted  lines  witliin  JicJi,  indicate  the  basihj'al. 
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ooncluaive  argumout  agaiiut  their  being  branchial  arcbt%  iu  that  true 
braDchial  arvhes  hardly  ever  or  perhaps  never  arise  in  this  way. 

The  sense  capnleB.  The  most  important  of  these  is  the  auditory 
capsule,  which,  as  we  have  seen,  fuses  intimately  with  the  lateral  walls 
of  the  skull,  lo  front  there  is  usually  a  cleft  separating  it  from  the 
alisphenoid  region  of  the  skull,  through  which  tne  third  division  of 
the  Htlh  nerve  passes  out.  This  cleft  becomes  narrowed  to  a  small 
furainen  (fig.  327,  V).  The  sclerotic  cartilage  is  always  free,  but  pro- 
foundly modifies  the  region  of  the  cranium  near  which  it  is  placed. 
Tlie  nasal  investment  forms  in  £laamobranchs  (&g.  327.  .A'ix)  a  capsule 
open  below,  and  continuous  with  the  ethmoid  region  of  the  trabeculse. 
In  most  types  however  it  becomes  more  closely  united  with  the 
ethmoid  region  and  the  accessory  parte  belongiug  to  it. 

The  cartili^nous  cranium,  Uie  development  of  which  has  been 
thus  briefly  traced,  persists  in  the  adult  without  even  the  addition  of 
membrane  bones  in  the  Cyclostomata,  Elasmobranchli  (fig.  327)  and 
Holocephali.  In  the  Selachioid  Ganoids  it  is  also  found  in  the  adult, 
but  is  covered  over  by  membrane  bones.  In  all  other  types  it  is 
iuvaiiably  present  in  the  embryo,  but  becomes  in  the  adult  more  or 
less  replaced  by  osseous  tissue. 

Branchial  skeleton. 

The  most  primitive  type  of  branchial  skeleton  in  any  existing 
form  would  appear  to  be  that  of  the  Petromyzonidie,  which  is  deve- 
loped in  a  superficial  subdermal  tissue,  and  consists  of  a  series  of  bars 
united  by  transverse  pieces,  so  as  to  form  a  basket-work.  It  is  known 
as  an  extra-branchial  system,  aud  an  early  BtJ^^  of  its  development  in 
the  Lamprey  is  shewn  in  Sg.  47.  In  the  higher  forms  this  system  is 
replaced  by  a  series  of  bars,  known  as  the  branchial  bars,  so  situated 
as  to  afford  support  to  the  successive  branchial  pouches.  Outside 
these  bars  there  may  be  present  in  some  primitive  forma  (Klasmobran- 
chii)  cartilaginous  elements,  which  are  supposed  to  be  remnants  of  the 
extra-branchial  system  (tig.  327,  Ex.Bt)  ;  while  a  series  of  membrane 
bones  is  also  usually  added  to  them,  which  ivill  be  dealt  with  in  a 
separate  section.  The  branchial  bars  are  develnped  as  simple  carti- 
laginous rods  in  t)ie  deeper  parts  of  the  mesoblast  which  constitutes 
the  primitive  branchial  arches. 

The  poxitioii  of  the  bronchial  bars  in  relaUon  to  the  somatopteure  and 
splanchnopleiire  can  bu  deteiinined  from  their  i-elation  to  the  Ru-called  Lead 
cavities.  These  cavities  atrophy  before  the  fomiatiun  of  the  cartilaginous 
branchial  bars,  but  it  will  be  observed  (fig.  328},  tliat  the  artery  of  each 
arch  (aa)  is  placed  on  the  iuner  side  of  the  head  cavity  {pp).  The  cartila- 
ginous bar  arises  at  a  later  period  on  the  inner  side  of  the  arteiy,  and 
therefore  on  the  inner  side  of  the  section  of  tlie  body  cavity  primitively 
present  in  the  arches. 

An  anterior  arch,  known  as  the  mandibular  arch,  placed  in  front 
of  the  hyo-mandibular  clt;ft,  and  a  second  arch,  known  as  the  hyuid 
aicb,  placed  in  front  of  the  hyo-brancbial  cleft,  are  developed  in  all 
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types.  The  succeeding  arches  are  known  as  the  true  branchial  arches, 
and  are  only  fully  developed  in  the  Ichthyopsida. 

In  some  Sharks  (Notidaui)  seven  branchial  arches  may  be  present 
{not   includitig  the  hyoid    and   mandibular).      In   other   Ichthyop- 
sida five  are  usually  present,  in  the  embryo  at  any  rate,  white  in  the 
Amniota   there   are   usually  two  or  three   post-hyoid   membranous 
arches,  in  the  interior  of  which  a  carti- 
laginous  bar   is    usually   formed.      The 
general   form  of  these  bars  at  tm  early 
stage   of  development  is  shewn   in   the 
dog-fish  (ScyUiura)  in  fig.  329. 

The  simple  condition  of  these  bars  in 
the  embryo  renders  it  highly  probable  that 
forms  existed  at  one  time  with  a  simple 
branchial  skeleton  of  this  kind :  at  the 
present  day  however  such  forms  no  longer 
exist.     The   first  arch   has-  in  all  cases 
tp.  epiblast;  re.  poach  of     changed  its  function  and  has  become  con- 
hypobUst  which  wiU  form  the     verted  into  a  supporting  skeleton  for. the 
waUB  of  8  visceral  cleft  i  pp.  ^^    j^e  hyoid  arch,  though  retaining 

Begment  of  hody-caTity  m  via-  '  J  \-   ^   r        ..■         u  * 

ceral  an-h ;  aa.  aortic  aich.  in  some  torms  its  branchial  function,  has 

in  most  acquired  additional  functions  and 
has  undergone  in  consequence  various  peculiar  modifications.  The 
true  branchial  arches  retain  their  branchial  functions  in  Pisces  and 
some  Amphibia,  but  are  second- 
arily modified  and  largely  ab- 
orted in  the  abranchiate  forms. 
Since  the  changes  undetgone 
by  the  true  branchial  bars  are 
far  less  complicated  than  those 
of  the  hyoid  and  mandibular 
bars  it  will  be  convenient  to 
treat  of  them  in  the  first  in- 

■  1^'"«-  Theae  bars  are.  as   already 

mentioned,  must  numerous  in 
certain  very  primitive  forms 
(seven  in  Nottdanus),  while  as 
we  ascend  the  series  there  is  a 
gradual  tendency  for  the  pos- 
terior of  them  to  disappear. 
This  tendency  is  the  result  of 
a  gradual  atrophy  of  the  pos- 
terior branchial  pouches,  which  commenced  at  a  stage  in  the 
evolution  of  the  Chordata  long  prior  to  the  appearance  of  carti- 
laginous or  osseous  branohial  bars,  and  reaches  its  climax  in  the 
Amniota. 

In  a  fully  develope<l  branchial  bar  the  primitively  simple  rod  of 


Fio,   829.     Hbad    ot   bkbbti 
11  LINKS  i.oNa.     (From  Parker. ) 

Tr,  trabecnla  ;  Pl.Ft.  pterygo  quadrate : 
iS.Pt.  metapteiygoid  region;  Un.  mwuii- 
biilar  cartilage ;  Hy.  hyoid  arch;  Br.\.  liret 
bcancbial  arch ;  Sp.  mandibulo- hyoid  cleft ; 
CI',  hf o-bninchial  oleft ;  Leh.  groove  below 
the  eye;  Na.  olfactoiy  rudiment;  E.  eyeball; 
Au.  auditory  mass ;  CI,  9,  S.  cerebral  veai- 
clee;    Hm.  hemiapherea ;  f.n.p.  Dasofroatal 
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cartilage  becomea  iHvided  into  a  series  of  segments,  usually  four, 
articulated  so  as  to  be  more  or  less  mobile :  and  either  remaining 
cartilaginous  or  becoming  partially  or  wholly  ossified.  Each  bar  (fig. 
327)  forms  a  somewhat  curved  structure,  embracing  the  pharynx. 
The  dorsal  and  somewhat  horizontally  placed  segment  is  known  a&  the 
pharyngobranchiat  (Ph.Br),  the  next  two  as  the  epibranchial  (E.Br) 
and  ceratobranchial  (O.Br),  and  the  ventral  segment  as  the  hypo- 
branchial  {H.Br).  There  is  also  typically  present  a  basal  unpaired 
segment,  uniting  the  bars  of  the  two  sides,  known  as  the  basibranchial 
(B.Br).  The  arches  often  bear  cartilaginous  rays  which  support  the 
gill  lamellse. 

In  Teleostei  dental  plates  are  usually  developed  as  an  exoskeletai 
covering  on  parts  of  the  branchial  arches. 

In  the  Amphibia  four  or  three  branchial  arches  are  present  in  the 
embryo.  These  parts  are  more  or  less  completely  retained  in  the 
Perennibrancliiata  and  Cad  uci  branch  lata,  hut  in  the  Myctodera  and 
Aniira  they  become  largely  reduced,  and  entirely  connected  with  the 
hyoid. 

In  the  Anura  they  never  reach  any  considerable  development,  and 
are  soon  reduced  to  a  plate  (fig.  330) — the  coalesced  basiliyal  and 
basi-branchial  plate — the  pos- 
terior processes   of  which   re- 
present  the   remnants   of  the 
branchial  arches. 

According  to  Pfirker  the  jion- 
terior  process  of  this  plate  in  the 
adult  is  a  remnant  of  tli»  fouiili 
branchial  bnr ;  the  next  one  ii 
the  third  branchiiil  har,  while  the 
aiit«riiir  lamina  behind  the  hyoid 

is  Ktated  by  him  (though  this  is  Fio,  330.    Yoono  Froo,  with  tail  jubt 

w>inewbat  doubtful)  to  be  a  rem-      p^^^f,"'     bide   vi=w    of    bkuu,.     (From 

sunt  of  the  first  two  bars.  .         .i-.  i      ■     <     i    .  -.  ■ 

Au.  auditory  capsule;   in  front  oi  it  la 
In  the  Amniota,  the   bran-      the  oranial  aide  wall ;  J. W.  external  nostril; 
,hi.l  arcUe,  become  «ill  more     Si£;SUS,''^r*°stS;'"^S 
degenerated,  in  correlation  With      or  ceratohyal;  Br.l.  first  branchial  arch, 
the   total   disappearance   of   a         Bones:  i'-O.exoccipital;  Pr.o.prootic; 

Krani^ViisI       roanirntinn       at       nil       Pa.  parietal;  fr.  frontal ;  No.  nasal ;  Pnw. 
brancllial      respiration      at     all      p„ma«Ilary:  .Ui.  maiiUary;  Pf.pteiygoid; 
periods  OI  lire.      1  heir  remoantn      .s?.  Hqaamoaal ;   Qh.Jm.  qaadratojugal;  j)r(. 
Itecoine  more  or  leas  important      articular;  D.  dentaiy. 
parts  of  the  hyoid   bone,  and 

are  solely  employed  in  support  of  the  tongue.  Their  basal  portions 
«re  best  preserved,  forming  parts  of  the  body  of  the  hyoid.  The 
posterior  (thyroid)  comua  of  the  hyoid  are  remnants  of  the  true 
arches.  Of  these  there  are  two  in  the  Chelonia  Eind  Lacertilia,  and 
line  in  the  Aves  and  Mammalia.  In  Aves  the  cornu  formed  from 
the  first  branchial  arch  (fig.  331  cbr)  is  always  lar^r  than  that  of  the 
true  hyuid  arch  (ch). 
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Handibnlar  and  Hyoid  arehM.  The  adaptatioos  of  both  the 
mandibular  and  hyoid  bais, 
to  functioDS  entirely  distinct 
from  thuse  which  they  primi- 
tively served,  are  moat  re- 
markable ;  and  the  adspta- 
tioua  of  the  two  bars  are  in 
many  cases  so  iatimately 
"  bound  together,  that  it  is  not 
possible  to  treat  them   sepa- 

r  "^^*^' 

"nie  most  importuit  change 
uf  function    is    uuduuljtedly 
that  of  the  maudibuUr  anJi, 
'  which  becomes  entirely  con- 

verted into  a  skeleton  for  the 
jawB.  It  may  be  noted  ae  a 
peculiarity  of  the  mandibular 
arch  that  it  is  never  provided 
with  an  unpaired  bcisal  ele- 
ment. 

The  simplest  forms  of 
metamorphosis  are  those  un- 
dergone by  Elasmobranchii, 
of  which  the  Dog-fish  (Scyl- 
lium)  and  Skate  (Raja)  have 
proximal  portion  o(  the  cartilage  in  the  tlurf      ,  ~t,„)i-„l  /porlrpr  No  a  t.f.\ 

viioend  (Sret  bmnchial)  arch;  bbr.  basibran-  'wen  Studied (_i'arIter,Wo.450). 
ohial;  1,  firatviBoeral  cleft ;  3.  Beoond  viBoeral  In  some  of  these  forms,  e.g. 
cleft;  8.  third viBceial  arch.  the  Skate,  part  of  the  man- 

dibular  bar   is  still    related 
to  the  hyo-maodihular  cleft  (the  spiracle). 

IilasiIlobnuiclliL  In  ScylHum  the  hyoid  and  mandibular  arches 
are  at  tirst  very  aimilar  to  those  which  follow.  Soon  however  each  of 
them  sends  an  anteriorly  directed  dorsal  process  (fig.  329).  The 
regions  which  may  be  distinguished  owing  to  the  growth  of  these 
processes  have  received  names  from  ossifications  in  them  which  are 
found  in  other  types.  The  anterior  process  of  tbe  mandibular  arch 
is  known  as  the  pterygo-quadrate  bar  {Pl.Pt) ;  the  doriial  end  of 
the  primitive  box  from  which  it  starts  {M.Ptf  is  known  as  the 
metapterygoid  process;  while  the  ventral  end  of  the  bar  forms 
the  Meckelian  cartilage.  The  upper  end  of  the  hyoid  arch  is 
known  as  the  byomandibular. 

In  a  somewhat  later  stage  changes  take  place  wliich  cause  these 
parts  practically  to  assume  the  adult  Tonn  (tig.  327).  The  mandibular 
arch  becomes  segmented  at  its  bend  into  (I)  a  pterygo-quadrate  bar 
{/'l.Pt)  which  grows  forwards  in  front  of  the  moutb,  and  forms  an 
upper  jaw,  and  (2)  a  Meckelian  cartila^  (Mck)  which  is  placed  behind 
the  mouth,  and  forms  a  lower  jaw.      The  two  jaws  are  articulated 


View  pboh  below  or  the  bk&n- 

BN.  (Aflec  Parker.) 
cv  I.  oaiebral  vedcles;  t,  eye;  /n.  fronto- 
nasal  pioosra ;  n.  nasal  pit ;  Ir.  tmbeoiln ;  ptt. 
pitaltar;  splLoe  ;  nir.  Bnperior  maiillaiy  pro- 
cess; pg.  pteiygoid;  pa.  palatine;  <j.  qua- 
drate ;  mk.  Ueckel'H  nrtilage  ;  cb,  cerato-by al ; 
bh.  basi  h;al ;  cbr.  oeiato-branchial ;  ebr. 
proximal  portion  of  the  cartilage  in  the  third 
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together,  and  the  cartilages  of  the  two  sides  composing  them  meet 
each  other  distally. 

At  the  articulation  of  the  Meckelian  cartil^e  with  the  quadrate 
part  of  the  pterygo-quadrabe  is  situated  a  ligament  (^.P^),  which  takes 
the  place  of  the  metapterygoid  process  of  the  previous  stage,  and  passes 
up  on  the  anterior  side  of  the  spiracle,  to  be  attached  to  the  cranium 
in  the  front  part  of  the  auditory  region.  This  ligament,  which  is 
supplemented  by  a  second  ligament  the  ethmopalatine  ligament, 
passing  from  the  pterygo-quadrate  bar  to  the  antorbital  region  of  the 
skull,  IS  not  the  most  important  support  of  the  jaw.  The  main  sup- 
port is,  on  the  contrary,  given  hy  the  hyoid  arch;  the  hyomandibular 
s^ment  of  which  {H.M)  as  well  as  the  adjoining  segment  (cerata- 
hyoid  C.Hy)  are  firmly  attached  hy  ligament  to  the  mandibular  arch. 
The  hyomandibular  is  articulated  with  the  cranium  beneath  the 
pterotic  ridge  {PtO). 

In  the  type  just  described,  the  hyoid  and  mandibular  arches 
undergo  less  modification  than  in  almost  any  other  case.  The 
hyoid  arch  has  altered  its  form,  but  retains  its  respiratory  func- 
tion. It  has  however  acquired  the  secondary  function  of  supporting 
the  mandibular  arch.  The  mandibular  arch  is  divide^l  into  two 
elements,  which  form  respectively  the  upper  and  lower  jaws.  It  is 
not  directly  articulated  with  the  skull,  and  its  mode  of  support  by  the 
hyoid  arch  has  been  called  by  Husley  (No.  445)  hvostylic,    ' 

The  development  of  the  hyoid  and  raandibutar  arches  in  the 
Skate  is  characterised  hy  a  few  important  features  {fig.  333).  The 
anterior  element  of  the  hyoid 
arch,  which  forms  the  byoman- 
dibular(^.iOi  beoomea  entirely 
■epante  bum  the  posterior  part 
of  the  arch,  and  only  serves  to 
support  the  jaws.  The  poste- 
rior part  of  the  arch  (Hy) 
carries  on  the  respiratory  Amo- 
tions of  the  hyoid,  and  is  closely 
connected  with  the  first  bran- 
chial arch.     The  upper  or  me- 

tapterygoid  eWnt  of  the  „.  ^„.«»%^TX.r"°  '""" '* 
mandibular  aich  {M.Pt)  has  a  j.^    trabeoula;  Pl.Pt.  ptc^'so- quadrate 

considerable  development,  and,  bu;  Mn.  mandibular  bar;  M.Ft.  meta- 
becoming  separated  from  the  pterygoid  cartil«gB;  H.M.  hjotoandibn- 
„mainJer  of  the  „cb  fo™,  .  ^i  £.S^  "KtSUg-M 
mass  of  cartilage  with  one  or  eieft  or  i^iraele  ;  Pn.  piaeal  tilsild  ;  Au.  an- 
two  branchial  rays,  in  the  front  dilory  veeiale ;  C.  l,  C.a,  md  C.  B.  veaioles  of 
wall  of  the  spiracle,  and  con-     ^^  ''"'°- 

stitutes  a  section  of  the  mandibular  arch  still  retaining  traces 
of  its  primitive  function  in  suj^rting  the  wall  of  a  branchial 
pouch. 

Although  the  development  of  other  Elasmobranch  types  is   nut 
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known,  it  is  necessary  to  call  atteotton  to  the  mode  of  support  of  the 
inaiulibiilar  arch  in  certain  forms,  notably  Notidanus,  Hexanchiis 
and  Cestracion,  where  the  pterygo-quadrate  region  of  the  mandibular 
arch  is  directly  articulated  to  tlie  cranium  between  the  optic  and  tri- 
geminal foramina.  In  the  two  former  genera  the  metapterygoid  region 
of  the  arch  is  moreover  continuous  with  the  pterygo-quadrate,  and 
articulates  with  the  post-orbital  process  of  the  auditory  region  of  the 
skull.  In  spite  of  these  attachments  the  mandibular  arch  continues 
to  be  partially  suppoi'ted  by  the  hyomandibular.  The  skulls  in  which 
the  mandibular  arch  has  this  double  form  of  support  have  been  called 
by  Huxley  amphistylic. 

Considering  the  in  many  respects  primitive  characters  of  the 
forms  with  amphistylic 
skulls  it  seems  not 
improbable  that  they 
preserve  the  origin>)l 
mode  of  support  of  the 
manilibulararch;  from 
which  ditferentiationa 
in  two  directions  have 
taken  place,  viz.  dif- 
'  ferentiatious     in     the 

direction  of  a  complete 
support  of  ihe  mandi- 
bular arch  by  the  hyoid, 
which  is  characteristic 
of  most  Elasmobrauchtt 
A  Sai.hon  FBy,  HKcoND  and,  OS  Will  bc  shewn 
below,  of  Oanoidei  and 
Teleostei;  and  differ- 
entiations towards  a 
direct  articulation  or 
attachment  of  the  man- 
dibular   arch     to    the 


Fio.  334.   Chania 


itAHAi.  BACH  KKMoviD.     {From  Parhec.) 

T.Cr.  tef^meo  cronii ;  S.Or.  supraorbital  bund  ; 
HuperioT  fontanelle ;  A«.  auditory  capsule ;  Pa.eh. 
parachordal  cartilage;  Ch.  notocliord;  Tr.  trabecula; 
abOTG  the  trabecula.  the  interorbital  septuE 
panBiDg  into  the  crsDial  nail  above  sod  reaching  the 
supraorbital  band  ;  IL  optic  foramen  ;  V.  trigeminal 
foramen:  f,  f.  labial  cartilages ;  Pj-U.  palatopterygoid    Cranium,    without    the 

»'j  JJ.P'-  m^tap^'7e°*'^t^t;  ^"-  i''"^^'?  "'K'""!  intervention     of     the 

Mck.  Meckehan  cartilage;   H.J/,  hjomandibular  carti-  ,       .,    m,      .   ,,  , 

tage;    5s.  Bymplectic  tract;    J.Hy.  interhyal;    C.Hy.  nyoio.    I  he  latter  mode 

ceratohjal ;  H.Hy.  Ljpohjal;  G.Hy.  glossohyal ;  Br.l.  of  attachment  IS  Called 

first  branchial  arch.  by  Huxley  autostylic. 

It  is  found  in  Holo- 
cephala.  Dipnoi,  Amphibia  and  the  Amniota. 

TelflOstoi.  In  addition  to  that  of  Elasmobranchii,  the  skull  of  the 
Salmon  is  the  only  byostylic  skull  in  which,  by  the  aijmirable  investi- 
gation of  Parker  (No.  45 1).  the  ontogeny  of  the  hyoid  and  mandibular 
bars  has  been  satisfactorily  worked  out.  Apart  from  the  presence  of 
a  scries  of  membrane  bones,  the  development  of  these  bars  i^rees  on 
the  whole  with  the  types  already  described. 

The  hyoid  arcii,  though  largely  ossifie*!,  undergoes  a  process  of 
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develupnieiit  very  ainiilar  to  timt  in  Raja.  It  is  f.)mie»l  as  a  siniple 
cartilagiuouB  bar,  which  sood  becomett  segmented  longitiidiDaJly 
iDto  &D  anterior  and  a  posterior  part  {fig.  334).  The  former  consti- 
tutes the  hyomandibular  [H.M),  while  the  latter,  becoming  more  and 
more  separated  from  the  hyomaudibular,  constitutes  the  hyoid  arch 
proper;  owing  to  the  disappearance  of  the  iiyobranchial  cleft,  it 
loses  itfi  primitive  functiun.  and  serves  on  the  one  hand  to  support 
the  operculum  covering  the  gills,  and  on  the  other  to  support  the 
tongue.  It  becomes  segmented  into  a  series  of  parts  which  are  ossi- 
fied (fig.  335)  as  the  epiceratohyal  {ep.h)  above,  then  a  large  cerato- 
hyal  [di),  followed  by  a  hypohyal  [hh),  while  the  median  ventral 
element  forms  the  basi-  or  glossohyal  {gh). 

The    hyomaiidibu- 
lar  itself  is  articulated 

with  the   skull  below  ■        -  -      ' 

the  pterotic  process(fig, 
334,  H.  M).  Its  upper 
element  ossifies  as  the 
hyomandibular(lig.335, 
h.fti),  while  its  lower 
part(fig.334,S(/),which 
is  firmly  connected  with 
the  mandibular  arch, 
ossifies  as  the  sym- 
ptectic  (fig.  335,  ay),  A 
connecting  element  be- 
tween the  two  parts  of 
the  hyoid  bar  forms  an 
interhyal  (tA). 

There  are  more  im-         p,a.  535.    yopko  Salhon  of  thi  fibst  araiiER. 
portant  ditferencea  in     about  2  incbbb  lonq;  eui  vnw  or  skuu,  bxcludiho 
the  development  of  the      s^*"*:""-  abuhbb.    (From  Parker.) 
mfLndihii1>Lr      nrpTi      in  "^^  paiato -mandibular   and  hyoid   Iraota  are  de 

maoaiDular  arcll  in  j^i^^^  j^^^  ^^^^^  p^^p^  situationB,  a  Uob  indicatinR 
EJaamobranchn        and      the  position  where  the   hjomandibolar  is  articnUted 

beneath  the  pterotia  ridge. 

ol.  olCactoi?  foBsa;  e.lr.  trabecular  comu ;  tiP.nV'. 

□pper  labial  cartilages  ;   p.t.  prespheuoid  tract ;    t.cT. 

t^men  cranii;    j.o.b.  snpraorbital  band;  fo.  superior 

(ontanelle;   n.c.  notoohord;   b.o.  basilar  cartilage ;   tr. 
upperjaw  being  formed      trabeoula;   p.c.  condyle  (or  palatine  cartilage ;    6.  tri- 

!■    !_.     iU. I'L    i__     oemina!  foramen  :    7a.  faoial  foramen  ;   8.  foraraeo  for 

from    the     mandibular     ^oaeopharyugeal  and  vagus   ■,erveBi\n*.    Meckelian 
arch,   a  fresh   element,      cartilage;  tji-e.  opsroular  condyle. 
in  the  form  of  an  in-         Bones:  '■<>•  eioccipital;  1,0.  supraooclpital ;  e.p. 
dependently  developed      epiotic;  pt.o.  pterotio;  .p.o.  spbeoolic;  op.  opisthotic; 

W     f       _y.i    _  pro.  prootio;  b.i.  basiaphenoid ;  aLi.  aliaphenoid:  o. 

Of  Cartll^e,  com-  ^rbitSBphenoid ;  U.  ectethmoid  or  lateral  ethmoid; 
pie  tes  the  upper  arcade  pa.  palatine;  pg.  pterygoid;  mpg.  mesopterygoid ; 
in  front:  but  even  with      ""Pff-   metapterygoid ;    qu.    quadrate;    ar.    artiouUr ; 

of  the  upper  branch  of     g.h.  gloaso-  or  basihyal. 


the    Salmon    than 
that  of  the  hyoid  arch, 
in  that,  in3t«ad  of  the 
whole   arcade    of   the 
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the  arch  do  not  meet  anteriorly,  but  are  Heparated  by  the  ends  of  the 
trabeculie. 

The  anterior  bar  of  the  upper  arcade  is  knowa  as  the  palatine ; 
but  it  appaars  to  me  as  vet  uncertain  how  far  it  is  to  be  reg»^ed 
as  an  element,  primitively  belonging  to  the  upper  arcade  of  the 
mandibular  arch,  which  has  become  Bocondarily  independent  in  its 
development ;  or  as  an  entirely  distinct  structure  which  has  no 
counterpart  in  the  Elasmobranch  upper  jaw.  The  latter  view  is 
adopted  by  Parker  and  Bridge,  and  a  cartil^e  attached  to  the 
hinder  wall  of  the  nasal  capsule  of  many  Elasmobranch ii  is  identitied 
by  them  with  the  palatine  rod  of  the  Teleostei, 

The  arch  itself  is  at  first  very  similar  to  the  succeeding  arches ; 
its  dorsal  extremity  soon  however  becomes  broadened,  and  provided 
with  an  anteriorly  directed  process.  This  part  (fig.  334,  if.  Ft  and  Qu) 
is  thed  s^mented  from  the  lower  region,  and  forms  what  may  be 
called  the  ptery go-quadrate  cartilage,  though  not  completely  homo- 
Ic^ous  with  the  similarly  named  cartilage  in  Elasmobranchs ;  while 
the  lower  region  forms  the  Meckelian  cartilage  {Afck),  which  baa 
already  grown  inwards,  so  as  to  meet  its  fellow  ventmJly  below  the 
mouth.  The  whole  arch  becomes  at  the  same  time  widely  separated 
from  the  axial  parts  of  the  skuU. 

Nearly  simultaneously  with  the  first  differentiation  of  the  mandi- 
bular arch,  a  bar  of  cartila^— the  palatine  bar  already  spoken  of — is 
formed  on  each  side,  below  the  eye,  in  front  of  the  mouth.  The 
dilated  anterior  extremity  of  this  bar  soon  comes  in  contact  with  an 
anterior  process  of  the  trabeculffi,  known  as  the  ethmopalatine  process. 

In  a  later  stage  the  pterygoid  end  of  the  pterygo-quadrate  car- 
tilage unites  with  the  distal  end  of  the  palatine  bar  (fig.  334,  PLPt), 
and  there  b  then  formed  a  continuous  cartilaginous  arcade  for  the 
upper  jaw,  which  is  strikingly  similar  to  the  cartilaginous  upper  jaw 
of  Elasmobranch ii. 

A  large  dorsal  process  of  the  primitive  pterygo-quadrate  now 
forms  a  large  metapterygoid  tract  (M.Pt);  while  the  wnole  arch  be- 
comes firmly  Ixund  to  the  byomandibular  {H.M). 

In  the  later  stf^es  the  parts  formed  in  cartil^^  become  ossified 
(fig.  333).  The  palatine  is  first  ossified,  the  pterygoid  region  of  the 
pterygo-quadrate  js  next  ossified  as  a  dorsal  mesopterygoid  {m.pg) 
and  a  ventral  pterygoid  proper  {pg).  The  quadrate  region,  articu- 
lating with  the  Meckelian  cartilage,  becomes  ossified  as  a  distinct 
quadrate  (qa),  while  the  dorsal  region  becomes  also  ossified  as  a  meta- 
pteiTgoid  (mtpg). 

in  the  Meckelian  cartilage  a  superficial  ossification  of  the  ventral 
edge  and  inner  surface  forms  an  articulare  (arj;  but  the  greater  part 
of  the  cartilage  persists  through  life. 

Some  of  the  above  osaificatioiui,  at  any  rate  thone  of  the  palatine  and 
pterygoid,  seem  to  be  started  by  dental  oBseous  plates  adjoining  the  carti- 
lage. They  will  be  spoken  of  further  in  the  ttection  dealing  with  the  mem- 
brane boneii. 
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Amphibia.  The  tlevelopmeot  of  the  Autostylic  piscine  sIcuIIb 
lias  unfurtunately  not  yet  been  studied ;  and  the  most  primitive 
autoatylic  types  whose  development  we  are  acquainted  with  are  those 
uf  the  Amphibia ;  on  whtcb  a  latge  amount  of  light  has  been  shed 
by  the  researches  of  Huxley  and  Parker. 

The  modifications  of  the  hyoid  arch  are  comparatively  simple  and 
uniform.  It  forms  a  rod  of  cartilage,  which  soon  articulates  in  front 
with  the  quadrate  element  of  the  mandibular  arch,  and  is  subse- 
quently attached  by  ligaments  both  to  the  quadrate  and  to  the 
cranium.  In  those  Amphibia  in  which  extermd  gills  and  gill  clefts 
are  lost,  it  fuses  with  the  basal  element  of  the  hyoid  (fig.  330), 
which,  together  with  the  basal  portions  of  the  following  arches, 
forms  a  continuous  cartilaginous  plate.  On  the  completion  of  these 
changes  the  paired  parts  of  the  hyoid  arch  have  the  form  of  two 
elongated  rods,  known  as  the  anterior  comua  of  the  hyoid,  which 
attach  the  basihyal  plate  to  the  cranium  behind  the  auditory  capsule. 

It  is  still  uDcertoin  whethtir  there  is  aay  distinct  eleiiient  correspundiug 
to  the  hfomandibul^r  of  fishes. 

Parker  holds  that  the  columella  aiirU  of  the  Auura  is  the  houologue 
of  the  hyomaudibolar.  The  columella  develops  C'im[iaratively  late  and 
independeatly  of  the  remaiuder  of  the  hyoid  aruh,  but  the  similarity 
between  its  relations  to  the  nerves  and  Uiose  of  the  hyomandibular  is 
|)ut  forward  by  Parker  as  an  argument  in  favour  of  his  view.  The 
early  ligamentous  connection  between  the  quadrate  and  the  up]>er  end  of 
the  primitive  hyoid  is  however  an  argument  in  favour  of  r^arding  the 
up|>er  end  of  the  primitive  hyoid  as  the  hyomandibular  element,  not 
separated  from  the  remainder  of  the  arch. 

The  history  of  the  mandibular  arch  is  more  complicated  than 
that  of  the  hyoid.  The  part  of  it  which  corresponds  with  the  upper 
jaw  of  Elaamobranchii  exhibits  most  striking  variations  in  develop- 
ment :  so  striking  indeed  as  to  suggest  that  the  secondary  modifica- 
tions it  has  undergone  are  sufficiently  considerable  to  reader  great 
caution  necessary  in  drawing  morphological  conclusions  from  the  pro- 
cesses whicii  are  in  some  instances  olwervable.  A  more  satisfactory 
judgment  on  this  point  will  be  possible  after  the  publication  of  a 
memoir  with  which  Parker  is  now  engaged  on  the  skulls  of  the 
different  Anura. 

The  membrane  bones  applying  themselves  to  the  sides  of  the 
mandibular  arch  are  relatively  far  more  important  than  in  the  lower 
types.  This  is  especially  the  case  with  the  upper  Jaw  where  the 
maxillary  and  premaxillary  bones  functionally  replace  the  primitive 
cartiU^nous  jaw ;  while  membranous  pterygoids  and  palatines  apply 
themselves  to,  and  largely  take  the  place  of,  the  cartilaginous  palatine 
and  pterygoid  bars. 

Two  types  worked  out  by  Parker,  viz.  the  Axolotl  and  the  com- 
mon Fr<^,  may  be  selected  to  illustrate  the  development  of  the 
mandibular  areb. 

In  the  Axolotl,  which  may  be  taken  as  the  type  for  the  Uredela, 
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the  tnaiidibiilar  arch  is  cuiistituted  at  .i  very  early  stage  uf  (1)  an 
enlai^ed  dorsal  elemeut,  corresponding  with  the  pterygo-qiiadrate  of 
the  lower  types,  but  usually 
known  as  the  quadrate;  and  1^2.) 
a  ventral  or  Meckeliau  elemeDt. 
The  Meckelian  bar  very  early 
acquires  its  investing  bones,  while 
the  dorsal  part  of  the  quadrate 
becomes  divided  into  two  charac- 
teristic processes,  viz,  an  anterior 
dorsal  process  which  grows  to- 
^  ''      vi&rAfi  and  aooti  per  mane  niiy  fuses 

'  with  the  trabecular  crest,  and  a 

posterior  process  known  as  the 
otic  process,  which  applies  itself 
to  the  outer  side  of  the  auditory 
region.     The  anterior    of   these 

Socesses,  as  pointed  out  by 
uxley,  is  probably  homologous 
with  the  anterior  process  of  the 
pterygo-quadrate  bar  in  Noti- 
danus,  which  articulates  with  the 
trabecular  region  of  the  cranium, 
while  the  otic  process  is  homo- 
logous with  the  metapterygoid 
process.  Hardly  any  trace  is  pre- 
sentofan  anterior  process  to  form 
a  pterygoid  bar,  but  dentigerous 
plates  forming  a  dermal  palato-pterygoid  bar  have  already  appeared. 
At  a  somewhat  later  stage  a  fresh  process,  called  by  Husley  the 
pedicle,  grows  out  from  the  quadrate,  and  ai-ticulates  with  the  ventral 
side  of  tne  auditory  region  (fig.  336,  pd).  Shortly  afterwards  a  rod 
of  cartilage  grows  forward  from 
the  quadrate  under  the  mem- 
branous pterygoid  ipg),  which 
corresponds  with  the  cartilaginous 
pterygoid  bar  of  other  types  (fig. 
33G),  and  an  independent  pala- 
tine bar,  arising  even  before  the 
pterygoidprocess,i8formed  imme- 
diately dorsal  to  the  dentigerous 
palatine  plate  (pa),  and  is  attach- 
ed to  the  trabecula.     These  two 


'rom  Parker.) 
fic.  notochord;  oc-e.  occipital  condyle; 
f.o.  fenestra  ovalia;  tt.  stapes;  tr.  trabe- 
cnlar  oartil»«e ;  i.n.  internal  nares ;  c.It. 
oonu  trabecols  ;  pd.  pedicle  of  quadrate ; 
q.  qnadrale  ;  pff.  outline  of  pleijgoid 
titage;   6'.  orbito  -  naaal 


Bones:  P"-'-  parasphenoid  ;  f.o.  eioc 
dpital :  V.  vomer  ;  pj.  premaiiUary  i  mx 
maiillary  ;  pa.  palatine  ;  fg.  pterygoid. 


Fio. 


EuBBTO  FbIO,  J 


(Fro 


E  Parker.) 


Na.  olfactory  sack;  E.  involntion  for  bars  eventually  meet,  but  never 

eyeball ;  Au.  aoditoty  sack ;  Tr.  trabecula ;  become  firmly  united  to  the  more 

jf«.  mandibular;  tfy.  hyoid ;  Br.I.  firet  importautmembranebones placed 
branchial  arch;    the  Rtll-buda   are    seen  "^  _c  ■   ii     .     .i  " 

on  the  first  two  branchial  archea;  i.  labial  snperticially  to  them, 
cartilages.  The  mandibular  arch  in  the 
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BV^  staiuls,  sn  far  as  <levelo))m(![it  la  coiiwrned,  in  striking  cuntntst 
to  the  mandibular  arch  of  tlie  AxolotI,  in  spite  of  tlie  obvious 
similarity  !u  tlie  arrangement  of  the  adult  parts  in  the  two  types. 

In  the  earliest  stage  it  forms  a  simple  bar  in  the  membranous 
mandibular  arch,  parallel  to  and  very  similar  to  the  hyoid  bar  behind 
(fig.  337,  Mn).  In  the  next  stage  observed,  that  ist  to  say  in  Tadpoles 
uf  four,  five,  to  six  lines  long,  an  astonishing  ttansformatiun  has 
taken  place.  The  mandibular  arch  (fig.  338)  is  turned  directly 
forwards  parallel  to  the  trabeciila, 

til  which  it  is  attached  in  front  "■/ 

(P-P'j)  *nil  behind  (pd).  The 
proximal  part  of  the  arch  thus 
forms  a  Nuhocular  bar,  and  the 
apace  between  it  and  the  trabe- 
cula  a  subi)cular  fenestra.  In  ''' 
front  of  the  anterior  attachment 
it  is  continued  forwards  for  a 
short  distance,  and  to  the  free 
end  of  this  projecting  part  is 
ai'ticulate«i  a  small  Meckelian 
cartilage  directed  upwanls  [vik). 
The  Meckelian  caitilage  is  at 
this  stage  placed  in  front  of  the 
nasal  sacks,  in  the  lower  lip  of 
the  suctorial  mouth.  The  greater 
part  of  the  arch,  parallel  with 
the  trabeculie,  is  equivalent  to 
what  has  been  called  in  the  Axo- 
lotI the  quadrate,  while  its  an- 
terior attachment  to  the  trabe-  """'"''  if'°^  P*''"'") 
cul.  is  the  rudiment  of  the  ^...'^.^r.^XvX^TrSwof  pi: 
palato-pterygOld  cartilage.  The  tuiUry  bodj;  Ir.  trabeoulaj  c.tr.  oorno 
posterior  attachment  is  known  as  'rabecuUe;  p.pg.  palatoptarygoid  bar;  pd. 
fl,„  npili^lo  pediale;   q.  quadrate  condyle;  mk.  Meck- 

Hie  peuioie.  eUan    pieoe   of    roandibalar    aroh ;    ».o./. 

The  condition  of  the  mandibular     •i'j^'''%h'r^!,\^'  .TJ^'f^i^tl^  ^.' 

,    J     .         , .         J   ,  lilftga.     Ine  aotted  circle  vnUjin  toe  qna- 

arch  dunng  this  and  the  next  stage     jrale  region  indiosteB  the  poMtion  of  U» 
(fig.  339)   L8   very   perplexing.      Its      internal  nostril, 
i^ucture  appears  Hdapted  in  some 
way  to  BUp|iort  the  sucioiial  mouth  of  the  Tadpole. 

Reasons  have  be«n  offered  in  a  pr«vioua  part  of  this  volume  for  sup- 
]>osing  that  the  Hiictorial  mouth  of  tlie  Tad|x>le  is  probably  not  simjily  a 
structure  seoondarily  acquired  by  this  larva,  but  is  an  organ  inherited  from 
an  ancestor  provided  through  life  with  a  suctoriiil  mouth. 

The  question  thus  arises,  is  the  peculiar  modiScHtiou  of  the  mandibular 
arch  of  the  Tadpole  an  hiJterited  or  au  aeqwired  featun.- 1 

If  the  first  alternative  is  accepted  we  should  have  to  admit  that  tha 
mandibular  arch  became  first  of  all  modified  in  connection  with  the 
suctorial  mouth,   before   it  was  converted   into  thf  jaws   of  the   Gimtlio- 

B.  e.  U.  31 
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stoniatH ;  and  ibtit  tbe  jieculiar  liiHtory  of  Uii-*  arch  in  tlie  Tadpole  is  a 
more  or  leas  true  recoril  of  iia  ]>liyliigfnetic  duveliipment.  Ii>  favour  of  this 
view  is  the  striking  siniilaricj  which  Uiixkj  has  jwioted  out  hetweeu 
the  oral  ekfleton  of  the  Lamprey  and  that  of  the  Ta(l|iole;  and  ceriain 
])t«uliaritits  of  tlie  mandibular  arch  of  Cbimtera  and  the  Dipnoi  can  perhaps 
best  be  expUined  on  the  Buppositioti  that  tlie  oml  skeleton  of  these  forms 
has  arisen  in  a  manner  somewhat  similar  to  that  in  the  Frog ;  though  with 
reference  to  thin  point  further  developmental  data  are  much  reqiiired. 

On  the  other  hand  the  above  su|)[iOHitions  would  necessitate  our 
admitting  that  a  great  abbreviation  has  occurred  in  tlie  development  of 
the  mandibular  srcfa  of  the  otherwise  more  primitive  Urodela  ;  and  that 
the  simple  mode  of  growth  of  the  jaws  in  Elasmobtanchii,  from  the 
primitive  mandibular  arch,  is  phylogeuetically  a  much  abbreviated  and 
modified  procesf,  instead  of  being,  aa  usually  supposed,  a  true  record  of 
ancestral  liiKtory. 

If  the  view  is  accepted  that  the  character  of  the  mandibular  arch  of 
the  Tadjiole  are  secondary,  it  will  be  necessary  to  admit  that  the  adaptation 
of  the  mandibular  arch  to  the  suctorial  mouth  took  place  after  the  suctorial 
mouth  had  come  to  be  merely  a  larval  organ. 

In  view  of  our  imperfect  knowledge  of  the  development  of  most  Piscine 
Bkulla  I  would  i-efrain  from  expressing  a  decided  opinion  in  favour  of 
either  of  these  altf  matives. 


Ab  the  tail  of  tlie  Tadpole  gradually 


Fio.  380.    Tadfolb  i 


CHUi,  AHCUIS.    (Fnim  Paiker.) 

Ti.e  notocliord;  a-a,  aaditoiy  capsule ;  between 
it  and  elh.  the  low  cranitU  side  wall  is  seen  ;  fth. 
ethmoidal  region;  il.  stapes;  6.  trigeminal  fora- 
men ;  3.  optic  foramen ;  oL  otfoctor;  cspaales,  both 
seen  owing  to  slight  tilting  of  the  akitU  ;-  c,  tr.  oomu 
trabecule;  v.t.  apper  labial,  iDontlioe;  lu.  susp«n- 
■orium  (quodjate) ;  pit.  its  pedicle ;  ot.pr.  its  otic 
prooesB;  or.p.  its  orbitar  pnxwFa  ;  f.m.  temporal 
muscle,  indicated  by  dotted  lines  poaung  beneath 
the  orbitar  proceee ;  pa-yg-  palatopterjgoid  bar ; 
mk.  Ueckelian  cartilage;  l.l.  lower  labioll  in  out- 
line: t-lt.  oeiatohyal;  b.  A.  basihjal.  The  upper 
outline  of  the  head  a  slievro  br  dotted  lines. 


disappears,  and  the  meta- 
morphosis iato  the  Frog 
becomes  accomplished,  tlie 
mandibulararch  undergoes 
important  changes  (fig. 
339) :  the  palato-pterygoid 
attachment  ipapg)  of  the 
quadrate  su bocu la r  bar  be- 
comes gradually  elongated ; 
and,  as  It  is  so,  the  front 
end  of  the  subocular  bar 
(su)  rotates  outwards  and 
backwards,  and  soon  forms 
a  very  considerable  angle 
with  the  trabecuiw.  The 
Meckel ian  cartil^e  (nik) 
at  its  free  end  becomes  at 
the  same  time  considerably 
elongated.  These  processes 
of  growth  continue  till  (Hg. 
330)  the  palato-pterygoid 
bar  {Pt)  forms  a  subocular 
bar,  aud  is  considerably 
longer  than  the  original 
subocular  region  of  the 
quadrate;  while  the  Meck- 
elian  cartilage  {Mck)  has 
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aSAumed  its  permanent  position  on  the  hinder  border  of  the  no  longer 
suctorial  mouth,  and  has  grown  forwards  so  as  nearly  to  meet  its 
fellow  in  the  median  line. 

The  metapterygoid  region  of  the  quadrate  gives  rise  to  a  posterior 
and  dorsal  process  (fig.  339,  ot.pr),  the  end  of  which  is  constricted  off 
as  the  tympanic  aunulus  (fig.  340,  a.t);  while  the  proximal  part  of 
the  process  remains  as  the 
otic   (metapterygoid)   pro- 
cess, articulating  with  the  *** 
auditory  cartilage. 

The  pedicle  (pd)  retains 
its  orginal  attachment  to 
the  skull. 

The  palato- pterygoid 
soon  becomes  segmented 
into  a  transversely  placed 
palatine,  and  a  longitudi- 
nally placed  pterygoid  (fig. 
340).  With  the  exception 
of  a  few  ossifications,  which 
present  no  features  of 
special  interest,  the   parts 

of    the    mandibular    arch  Fio.  340.    Tou!.a  Fboo,  niab  bnd  of  fibbt 

have    now    reached   their     snmreB;  opfbb  vibw  at  skoll,  with  leit  mak- 
final    condition,   which   is 
not  very  different  from  that 
iu  the  Asolotl. 

Sanropsida.     In   the 
Sauropsida   the   modifica- 
tions  of    the    hyoid    and 
mandibular     aruies 
fairly  imiform. 

The  lower  part  of  the 
hyoid  arch,  including  the 
basihyoid,  unites  with  the 
remnants  of  the  arches  behind  to  form  the  hyoid  bone,  to  which  it 
contributes  the  anterior  comu  and  anterior  part  of  the  body. 

The  columella  ia  believed  by  Huxley  and  Parker  to  represent, 
as  in  the  Anura,  the  independently  developed  dorsal  (hyoniandibular) 
element  of  the  hyoid,  together  with  the  stapes  with  which  it  has 
become  united'. 


n  Parker.) 

0.  baaioacipital  tract;  t.o.  snpraoccipital 
tract ;  fo.  frontal  fontanelle ;  e.n.  eitemal  noBtril ; 
iiilemal   to  it,   iQleraaaal   plate ;    a.t.    tympania 

Bones:  f-o-  eioocipital ;  pT.a.  prootic,  partly 
overlapped  by  p.  parietal ;  /.  frontal ;  tth.  rudi- 
ment at  spheo  ethmoid  ;  na.  nasal ;  pmx.  premax- 
illacy ;  va.  maiillary ;  pg.  pMrygoid,  partly  en- 
sheathing  the  rednwd  cartilage ;  qj.  qaadratojngal ; 
tq.  Bquamoeal;  nr.  articDlar;  if.  dentary  i  m.mk. 
mento-Meekeluia. 


'  The  BtrODgelt  evidenoe  in  favour  ot  Hmley'e  and  Parker's  Tiew  of  the  nature  of 
the  eoltunella  ie  the  fnsion  in  the  adnit  Sphenodon  of  the  upper  end  of  the  hyoil  with 
the  oolamella  {vide  Hnilejr,  No.  445).  From  an  examination  of  a  Bpecimen  in  the 
Cambridi;e  mneenm  I  do  not  feel  satiiified  that  the  faeion  is  not  tiecondaiT,  but  have 
not  been  able  to  examine  the  junclioii  of  the  hyoid  and  culomella  in  section.  For  a 
different  view  to  that  of  Huxley  vid'.  Peters,  "Ueb,  d.  (iehOrknoohelchen  n.  ihr 
Verhiiltniss  zn.  Znogenbeinbogen  b.  Sphenodon."    lierlin  Slnnaiibrrichir,  1S74. 
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The  membranous  maD<libular  arch  gives  uff  in  the  embryoa  of  all 
the  Sauropsida  an  obvious  bud  to  form  the  superior  Diaxillary  pro- 
cess, and  the  formation  of  this  hud  appears  to  represent  tiie  growtli 
forwards  of  the  pterygoid  process  in  Elasmobranchii,  which  is  indee<l 
accompanied  by  the  formation  of  a  similar  bud ;  but  the  skeletal  rod, 
which  appears  in  the  axis  of  this  bud,  is  as  a  rule  independent  of 
that  in  the  true  arch  (fig.  331,  pa.  pg).  The  former  is  the  pterygo- 
palatine bar;  the  latter  the  Meclcelian  and  quadrate  cartilages. 

The  pterygo- palatine  bar  is  uaually  if  not  always  ossified  directly, 
without  the  intervention  of  cartilage. 

Bom  has  re<»>ntly  shewn  that  Parker  was  niiatak^n  iu  supposing  that 
the  polato-pterygoid  bone  is  cartilaginous  in  Birds.  In  the  Turtle  a  short 
cartilaginous  pteiygoid  process  of  the  quadrate  wuuld  seem  to  be  present 
(Parker,  No.  458). 

The  quadrate  and  Meckelidn  cartilages  are  either  from  the  first 
separate,  or  very  early  become  no. 

The  quadrate  cartilage  ossifies  as  the  quadrate  bone,  and  supplies 
the  permanent  articulation  for  the  lower  jaw.  Its  upper  end  exhibits 
a  tendency  to  divide  into  two  processes,  corresponding  with  the 
pedicle  and  otic  processes  of  the  Amphibia.  The  Meckelian  cartilage 
becomes  soon  covered  by  investing  bones,  and  its  proximal  end  ossifies 
as  the  articulare.     The  remainder  of  the  cartilage  usually  disappears. 

Hammalia.  The  most  extraordinary  metamorphosis  of  the  hyoid 
and  mandibular  arches  occurs  in  the  Mammalia,  and  has  been  in 
part  known  since  the  publication  of  the  memoir  of  Reichert  (No. 
461 1. 

Both  the  hyoid  and  mandibular  arches  develop  at  first  more 
completely  than  in  any  of  the  other  types  above  Fishes ;  and  are 
articulated  to  each  other  above,  while  the  pterygo-palatine  bar  is 
quite  distinct.  The  main  features  of  the  subsequent  development  are 
undisputed,  with  the  exception  of  that  of  the  upper  end  of  the  hyoid, 
which  is  still  controverted.  The  following  is  Parker's  (No.  452) 
account  for  the  Pig,  which  confirms  in  the  main  the  view  originally 
put  forward  by  Huxley  (No.  445). 

The  mandibular  and  hyoid  arches  are  at  flrst  very  similar  (fig.  341 
mn  and  hy),  their  dorsal  ends  being  somewhat  incurved,  and  articu- 
lating leather. 

In  a  somewhat  later  stt^e  (fig.  34i2)  the  upper  end  of  the  man- 
dibular bar  {mb),  without  becoming  segmeuted  from  the  ventral  part, 
becomes  distinctly  swollen,  and  clearly  corresponds  to  the  quadrate 
region  of  other  types.  The  ventral  part  of  tne  bar  'constitutes  the 
Heckelian  cartilage  {mk). 

The  hyoid  arch  has  in  the  meantime  become  segmented  into  two 
parte,  an  upper  part  (i),  which  eventually  becomes  one  of  the  small 
bones  of  the  ear—the  incus — and  a  lower  fart  which  remains  per- 
manently as  the  anterior  cornu  of  the  hyoid  (sLk).  The  two  partt 
continue  to  be  connecteil  by  a  ligament. 
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The  incus  is  articulated  wit)i  thu  quadrate  eiid  of  the  mandibular 
arcli.and  its  rounded  head 
coinett  in  contact  with  the 
stapes  {fig.  342,  st)  wliich  "' 

is  segmented  from  the  t'e- 
uestra  ovalis. 

The  main  arch  of  the 
hjoid  t)ecomeB  divided  into 
a  hypuhyal  (A./i)  below  and 
a  8'ylohyal  {st  hi  above,  and 
also  becomes  articulated 
with  the  basal  element  of 
the  arch  behind  (bk). 

In  the  course  of  further 
development  the  Meckel- 
ian  part  uf  the  mandibular 
arch  becomes  enveloped  in 
a  superficial  ossification 
forming  the  dentaiy.  Its  i>itoiiAimiTiciLi.i  raoti  bklow.  (From  Parker.) 
upper   end,   adjoining   the  pa.eli.   parachordBl  cartil»Re;    nc.   mjtochord; 

quadrate   region,    becomes      ?"■  »" ^tory  caps^e ;  py.  pituiUiybody;  ir   tra- 
I   -CI       j  =  '  "*"-"""^''      be«ul(e;   c.lr.  trabecnlar  comn ;   pa.  prenasal  car- 

calCltied  and  then  absorbed,  tiUge  ;  e.n.  eitemal  nasal  opening  ;  ol.  naeal  cap. 
and  its  lower,  with  the  ex-  su'e;  P-pg-  palatopterj'goid  tract  euoloaed  io  the 
ception  of  the  e,tre„e  Tri;Si"Sirr,r kT,^£'^r^^ 
point,  IS  oasibed  and  sub-  facial  nerv?;  Sa.  gloesophaiyngeal ;  8b.  Tagua; 
sequently  incorporated  in  9-  hypoglossal. 
the  dentary. 

The  quadrate  region  remains  relatively  stationary  in  growth  as 
compared  with  the  adjacent  parts  of  the  slcull,  and  finally  ossifies  to 
form  the  malleus  bone  of  the  ear.     The  processus  gracilis  of  the 
malleus   is    the    primitive 
continuation  into  Meckel's 
cartilage. 

The  malleus  and  incus 
are  at  first  embedded  in 
the  connective  tissue  ad- 
joiningthe  tympanic  cavity 
(hyotnandibular  cleft,  vide 
p.  435) ;  and  externally  to 
them  a  bone  known  as  the 
tympanic  bone  becomes  de- 
veloped so  tlrat  they  be- 
come placed  between  the 
tympanic  bone  and  the 
periotic  capsule.  In  late 
fcetal  life  they  become 
transported  completely 
within  the  tympanic  cav- 


Parker.) 

Ig.  tongue  ;  mk.  Meckeliaa  cartilage  ;  ml.  bodj 
o[  tn.illenB ;  nib.  manubrium  or  Lantlle  of  the  mal- 
Itus;  l.li/.  legmen  tjnipani ;  i.  micuh  ;  fl.  Btap*B; 
i.hy.  iiiterhyal  licamtnt ;  it.k.  8t,Tloh>'al  cartilawe : 
A.A.  hypi'hyal ;  bJi,  basibrancliial  ^  tli.li.  rudiaient 
of  first  biHiiehial  arch  ;  7n.  fudal  nerve. 
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ity,  though  covered  by  a  reflection  of  the  tympanic  mncoua  mem- 
brane. 

The  dorsal  end  of  tbe  part  of  the  hyoid  separated  from  the  incus 
becomes  oaaifled  as  the  tympano-hyal,  and  is  anchylosed  with  the 
adjacent  parts  of  the  periotic  capsule.  The  middle  part  of  the  bar 
just  outside  the  skull  forma  the  stylo-hyal  (styloid  process  in  Man) 
which  is  attached  by  ligament  to  the  anterior  corou  of  the  hyoid 
(ceratO'hyal). 

While  the  account  of  the  formatiou  of  the  malleua,  incus,  and  stapes 
just  given  is  thHt  iiKuully  accepted  in  this  country,  a  somewbat  iliffeieat 
vitsw  of  the  development  of  these  parte  lioa  as  a  rule  been  adopted  iit 
Uermany.  Beichert  (No.  461)  held  that  both  the  malleus  and  the  iuciifi 
were  derived  I'rom  the  mmidibular  bar;  and  this  view  has  been  confirmed 
by  Olinther,  Kolliker  nud  other  obserrera,  and  has  receaUy  been  adopted 
by  Sulenslcy  (No.  462)  after  a  careful  renearch  especiaUj  directed  towards 
this  point.  Keichert  also  held  that  the  sbipes  was  derived  from  the  hy"id 
bar;  but,  though  his  obsei'vations  aa  this  poiut  have  lieen  very  widely 
accepted,  they  have  not  met  with  such  univers«l  recognition  as  his  views 
on  the  origin  of  the  malleus  and  incu".  Salensky  has  recently  arrived 
at  a  vifiw,  wliich  is  in  accord  with  thnt  of  Parker,  in  so  i&r  as  the  indepen- 
dence of  the  gtHpes  of  both  the  hyoid  and  mandibular  arches  in  concerned. 
Saleuxky  however  holds  that  it  is  formed  from  a  mosa  of  mesoblsnt 
Hurrouudiug  the  ntlery  of  the  mandibular  arch,  and  that  the  form  of  the 
stapes  is  due  to  its  perfomtion  by  the  mandibular  artery.  A  product  of 
this  ai'tery  pemiHnently  perforates  the  stapes  in  a  few  Mammaha,  though 
in  the  majority  it  atiophies. 

In  view  of  the  different  occounte  of  the  origin  of  the  incus  the  exact 
nature  of  this  bone  must  still  be  considered  as  an  a[)en  question,  but 
slinuld  Reichert's  view  be  confirmed  the  identifioition  of  the  incus  with 
the  columella  of  the  Amphibia  and  Sauropsida  must  be  abandoned. 

Membrane  bones  and  ossifications  of  the  crantutn. 

The  membrane  bones  of  the  skull  may  be  divided  into  two  classes, 
viz.  {I)  those  derived  from  dermal  osseous  plates,  which  as  explained 
above  (p,  447)  are  primitively  formed  by  the  coalescence  of  the 
osseous  plates  of  scales ;  and  (2)  those  formed  by  the  coalescence  of 
the  osseous  plates  of  teeth  lining  the  oral  cavity.  Some  of  the 
bones  sheathing  the  edge  of  the  mouth  have  been  formed  partly  by 
the  one  process  and  partly  by  the  other. 

In  the  Fishes  there  are  found  all  grades  of  transition  between 
simple  dermal  scutes,  and  true  subdermal  osseous  plates  forming  an 
integral  part  of  the  internal  skeleton.  Dermal  scutes  are  best  repre- 
sented in  Acipenser  and  some  Siluroid  Fishes. 

Where  the  membrane  bones  still  retain  the  character  of  dermal 
plates,  those  on  the  dorsal  surface  of  the  cranium  are  usually  arranged 
in  a  series  of  longitudinal  rows,  continuing  in  the  region  of  the  head 
the  rows  of  dermal  scutes  of  the  trunk  ;  while  the  remainiug  cranial 
scutes  are  connected  with  the  visceral  arches.  The  dermal  bones 
on  the  dorsal  sui-face  of  the  head  arc  very  differcut   in   number. 
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size,  and  arrangement  in  different  types  of  Fishes;  but  owing  to 
their  linear  disposition  it  in  usually  possible  to  find  a  certain  num- 
ber botb  of  the  paired  and  unpaired  bones  which  have  a  similar 
situation  in  the  different  forms.  These  usually  receive  the  same 
names,  but  both  from  general  considerations  as  to  their  origin,  as 
well  as  from  a  comparison  of  different  species,  it  appears  to  me 
probable  that  there  is  no  real  homology  between  these  bones  in 
different  species,  but  only  a  Icind  of  general  correspondence'. 

It  is  not  in  fact  till  we  get  to  the  types  alwve  the  Fishes  that  we 
can  find  a  series  of  homologous  dorsal  membrane  bones  covering  the 
roof  of  the  HkuU.  In  these  types  three  paired  sets  of  suc'i  bones  are 
usually  present,  viz.  from  behind  forwards  the  parietals,  frontala 
and  nasals,  the  latter  bounding  the  posterior  surface  of  the  external 
nasal  opeiiing.  Even  in  the  higher  types  these  bones  are  liable  to 
vary  very  greatly  from  the  usual  arrangement. 

Besides  these  bones  there  is  usually  present  in  the  higher  forma 
a  lacrymal  bone  on  the  anterior  margin  of  the  orbit  derived  from 
une  of  a  serieii  of  periorbital  membrane  bones  frequently  found  in 
Fishea  Various  supraorbital  and  pjstorbital  bones,  etc.  are  also 
frequently  found  in  Lacertilia,  etc.  which  are  not  impossibly  pbylo- 
genetically  independent  of  the  membrane  bones  inherited  from  Fishes ; 
and  may  liave  been  evolved  as  bony  scutes  in  the  subdermal  tissue 
of  the  papilla  of  the  saurof^idan  scales. 

The  visceral  arches  of  Fishes,  especially  of  the  Teleostei,  are 
usually  provided  with  a  aeries  of  membrane  bones.  In  tlie  true 
branchial  arches  these  take  the  form  of  dentigerous  plates;  hut  no 
such  plates  are  found  in  the  Amphibia  or  Amniota. 

The  opercular  flap  attached  to  the  hyoid  arch  is  usual'y  supported 
by  a  series  of  membrane  bones,  which  attain  their  highest  develop- 
ment in  the  Teleostei.  One  of  these  bonea,  the  prsaopercular,  is 
very  constant  and  is  primitively  attached  along  the  outer  edge  of  the 
hyoniandibular.  It  seems  to  be  retained  in  Amphibia  as  a  mem- 
brane bone,  overlapping  the  attachment  of  the  quadrate  and  known 
as  the  squamosal ;  though  it  is  not  impossible  that  this  bone  may 
be  derived  from  a  superficial  membrane  bone,  widely  distributed  in 
Teleostei  and  Qanoids,  which  is  known  as  the  supra-temporal.  In 
Dipnoi  the  bone  which  appears  to  be  clearly  homologous  with  the 
squamosal  would  seem  from  ita  position  to  belong  to  the  series  of 
doraal  ptatea,  and  therefore  to  be  the  supra-temporal ;  but  it  is  re- 
garded by  Huxley  (No.  446)  as  the  pmiopercular  . 

In  the  Amniota  the  squamosal  forms  an  int^ral  part  of  the 
osseous  roof  of  the  skull ;  but  in  tbn  Sauropsida  it  continues,  as  in 
Amphibia,  to  be  closely  related  to  the  quadrate, 

'  For  some  iateresting  remarkB  on  the  BirangeTnent  of  these  bones  in  Fishes,  vidt 
Bridue,  "On  the  Osteology  o(  Polyodon  folium."     Pbil.  Traru.,  1878. 

*  It  U  not  impossible  that  the  aolittion  of  the  difficulty  aboat  the  pcsopercnlar  is 
to  be  found  by  supposing  that  the  prooperualar  as  it  exists  in  Teleostei  is  derived 
from  a  doival  dermal  plat*-,  and  that  in  the  Dipnoi  this  plate  retuins  more  nearly  than 
in  Tcleoxtei  ito  priiuitive  position. 
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A  larger  series  of  persistent  membrane  bones  are  related  to  the 
mandibular,  and  its  palato-quadrate  process. 

Overlying  the  palato-quadrate  process  are  two  rows  of  boneti,  one 
row  lying  at  the  edge  of  the  month,  on  the  outer  side  of  the  pterygo- 
palatine process,  and  the  other  set  on  the  roof  of  the  mouth  Buper- 
ncial  to  the  pterygo-palatine  process. 

The  outer  row  is  formed  of  the  prseniasilla,  maxilla,  jugal, 
and  very  often  quadrato-jugaL  Of  these  bones  the  maxilla  ami 
prjimaxilla,  as  is  more  especially  demonstrated  by  their  ontogeny  in 
the  Urodela,  are  partly  derived  from  dentigeroua  plates  and  partly 
from  membrane  plates  outUde  the  moutli ;  while  the  jugal,  and  qiia- 
drato-jugal  when  present,  are  entirely  extra-oral.  In  the  Amphibia 
and  Amniota  the  pnemaxillfe  and  maxillte  are  the  most  important 
bones  in  the  facial  region,  and  are  quite  independent  of  any  cartila- 
ginous substratum. 

The  second  row  of  bones  is  clearly  constituted  in  the  Dipnoi  anil 
Amphibia  by  the  vomer  in  front,  then  the  palatine,  and  finally 
the  pterygoid  behind.  Of  these  bones  the  vomer  is  never  related 
to  a  cartilaginous  tract  below,  while  the  palatines  and  pterygoiiis 
usually  are  so.  The  position  and  growth  of  the  three  bones  in  many 
Urodela  (Axolotl)  is  especially  striking  (Hertwig.  No.  442).  In  the 
Ajtolotl  they  form  a  continuous  series,  the  vomer  and  palatine  being 
covered  by  teeth,  but  the  pterygoid  being  without  teeth.  The  vi)m«r 
and  palatine  originate  from  the  united  osseous  plates  of  the  bases  of 
the  teeth,  while  the  pterygoid  is  in  the  first  instance  continuous  with 
the  palatine. 

In  Teleostei,  Amia,  etc.,  there  are  dentigerous  phttes  forming  » 
palatine  and  pterygoid,  which  in  position,  at  any  rate,  closely  cor- 
respond with  the  similarly  named  bones  in  Amphibia ;  and  there  is 
also  a  dentigerous  vomer  which  may  fairly  be  considered  as  equivalent 
to  that  in  Amphibia. 

In  the  Amniuta  the  three  bones  found  in  Amphibia  are  always 
present,  but  with  a  few  exceptions  amongst  the  Lacertilia  and  Ophi- 
dia,  are  no  longer  dentigerous.  The  cartilaginous  bars,  which  in  the 
lower  types  are  placed  below  the  palatine  and  pterygoid  membrane 
bones,  are  usually  imperfectly  or  not  at  all  developed. 

On  Meckel's  cartil^e  important  membrane  bones  are  almost  always 
grafted.  On  the  outside  and  distal  part  of  the  cartilage  a  dentary  is 
usually  developed,  which  may  envelope  and  replace  the  cartilage  to  a 
lai^r  or  smaller  extenU  Its  oral  edge  is  usually  dentigerous.  The 
Bplenial  membrane  bone  is  the  moat  important  bone  on  the  inner  side 
of  Meckel's  cartilage,  but  other  elements  known  as  the  coronoid  and 
angular  may  also  be  a<lded.  In  Mammalia  the  dentary  ia  the  only 
element  present  (vide  p.  485). 

On  the  roof  of  the  mouth  a  median  bone,  the  pamsphenoid,  is 
very  widely  present  in  the  Amphibia  and  Fishes,  except  the  Elnsmo- 
branchii  and  Cj'clostoinata.  and  has  no  doubt  the  same  phylogenetic 
origin  as  the  vomer  and  membranous  palatines  and  pterygoids. 
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It  K  less  imiwrtant  in  the  Saiiropsida,  and  becomes  mdiMtinguiali- 
ably  fused  with  the  sphenoid  in  the  adult,  while  in  tlainoialia  it  is 
uo  longer  found. 

Ossification  of  the  Cartilasinons  Craniuni.  lu  certain  Fishes 
the  cartilaginous  cranium  renoaina  quite  unossitied,  while  completely 
enveloped  in  dermal  bones.  Such  for  instance  is  its  condition  in 
the  Selachioid  Ganoids.  Id  most  instances,  however,  the  investment 
of  the  cartilaginous  cranium  by  membrane  boues  is  accompanied  by 
a  more  or  less  complete  ossification  of  the  cartilage  itself 

In  the  Dipnoi  this  occurs  to  the  smallest  extent,  the  only  ossifica- 
tions occurring  iu  the  lateral  parts  of  the  occipital  region,  and  forming 
the  exoccipitals. 

In  Teleustei  and  bony  Qanoids,  a  considerably  greater  number  of 
ossifications  occur  in  the  cartilage. 

In  the  region  of  the  occipital  cartilaginous  ring  there  appears  a 
basioccipital  and  suprauccipitat  and  two  exoccipitals.  The 
Itasioccipital  is  the  only  bone  on  the  Soor  of  the  skull  ossifying  that 
part  into  which  the  notochord  is  primitively  continued'. 

In  the  region  of  the  perlotic  cartilage  a  large  number  of  bones 
may  appear.  In  front  there  is  the  prootic,  which  often  meets  the 
exoccipital  behind;  behind  there  is  above  and  in  close  connection 
with  the  supraoccipital  the  epiotic,  and  below  in  close  cunuection 
with  the  exoccipital  the  opisthotic.  On  the  dorsal  side  of  the 
cartilage  there  is  a  projecting  ndge  composed  mainly  of  a  boue  known 
as  the  pterotic,  sometimes  erroneously  called  the  squamosal,  and 
continued  in  front  by  the  sphenotic.  The  pterotic,  or  the  cartilagi- 
nous region  corresponding  to  it,  always  supplies  the  articular  surl'ace 
for  the  hyomandil>ular. 

In  the  floor  of  the  skull,  in  the  region  of  the  pituitary  body,  there 
is  formed  a  basispbenoid-,  while  in  the  lateral  parts  of  the  wall  of- 
this  part  of  the  cranium,  there  is  a  bone  known  as  the  alisphenoid. 

In  front,  parts  of  the  lateral  walls  of  the  cranium  ossify  as  tlie 
orbitosphenoids. 

In  view  of  the  very  imperfect  ossification  of  the  cartilaginous 
cranium  of  the  Dipnoi,  and  of  the  fact  that  there  is  certainly  no  direct 
genetic  connection  between  the  Teleostei  on  the  one  hand,  and  the 
Amphibia  and  Amniota  on  the  other,  it  is  very  difficult  to  believe 
that  most  of  the  ossifications  of  tiie  cranium  in  the  Amphibia  and 
Amniota  have  more  than  a  general  correspondence  with  those  in  the 
Teleostei. 

In  the  Amphibia  the  ossifications  in  the  cartilage  are  comparatively 
few.  Iti  the  occipital  region  there  is  a  lateral  oEsification  on  each 
side  of  tlie  exoccipital,  the  basioccipital  region  being  Lnossified,  and 
the  supraoccipital  at  the  utmost  indurated  by  a  calcareous  deposit. 

The  petiotic  capsule  is  ossified  by  a  prootic  centre,  which  meets 
the  exoccipital  behind. 

iiiler  into  the  posterior  part  of  the  region  whioh 
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The  frvnt  part  of  the  cartilaginous  cranium  is  ossified  hy  a  com- 
plete ring  of  hone — the  sphenethmoid  bone — which  embraces  part  of 
the  ethmoid  region,  and  of  the  orbitospbenoid  and  presphenoid  regions. 

In  the  Amphibia  the  cartilaginous  cranium,  with  its  centres  of 
ossification,  is  easily  sepuuble  from  the  membranous  investing  hones. 

In  the  Amniota  the  cartilaginous  cranium,  whose  development  in 
the  embryo  baa  already  been  described,  becomes  in  the  adult  much 
more  largely  ossified,  and  the  hones  which  replace  the  primitive 
cartilage  unite  with  the  membrane  bones  to  form  a  continuous  l)ony 
cranium. 

The  centres  of  ossification  become  again  much  more  numeroua 
In  the  occipital  segment  analogous  centres  to  those  of  Teleostei  are 
again  found;  and  it  is  probable  that  the  exoccipitals  are  homoL^ous 
throughout  the  series,  the  siipraoccipital  and  iiasioccipital  hcnes  of 
the  higher  types  being  merely  identical  in  position  with  the  simi- 
larly named  bones  in  Fishes. 

In  the  periotic  there  are  usually  three  centres  of  ossification,  firat 
recognised  by  Huxley.  These  are  the  prootic,  tite  epiotic  and  opistho- 
tic,  the  situations  of  which  have  already  been  defined.  Of  these  the 
prootic  is  tlie  most  constant. 

In  Reptiles,  the  prootic  and  opisthotic  frequently  remain  distinct 
even  in  the  adult. 

In  Birds,  the  epiotic  and  opisthotic  are  early  united  with  the 
supra-  and  exoccipital ;  and  at  a  later  period  the  prootic  is  also  in- 
distinguisbably  fused  with  the  adjacent  parts. 

In  Mammals  the  three  ossifications  fuse  into  a  continuous  whole — 
the  periotic  bone — which  may  be  partially  united  with  the  adjacent 
parts. 

In  the  pituitary  region  of  the  base  of  the  cranium  a  pair  of  osseous 
centres  or  in  the  higher  types  a  singli-.  centre  [Parker')  gives  rise  to 
the  basisphenoid  boue,  and  m  front  of  this  another  basal  or  pair  of 
ba<ial  ossifications  foims  the  presphenoid,  while  laterally  to  these  two 
centres  there  are  formed  centres  of  cssification  in  the  alisphenoid  and 
"rbitosphenoid  regions,  which  may  be  extremely  reduced  in  various 
Siiuropsida,  leaving  the  side  walls  of  the  skull  almost  entirely  formed 
of  membrane  or  cartilage. 

In  the  ethmoid  region  there  may  arise  a  median  ossification  form- 
ing the  mesethmoid  and  lateral  ossifications  foiming  the  lateral  eth- 
moids  or  prefronta's  ;  which  may  assist  in  forming  the  front  wa'l  of 
the  hrain-ca«e,  or  be  situated  quite  externally  to  the  brain-case  and 
be  only  related  to  the  olfactory  capsules. 

In  luoxt  Fishes  a  ucrien  of  skeletal  Btrnctures, 
_  'S,  Hre  developni  at  the  front  und  sides  of  the 
month,  and  in  connection  with  the  olfactory  capsules;  tmd  these  cvrtilageu 
stili  persiat  in  connection  with  the  olfnctory  capsules,  though  in  a  reduced 

^ntres  in  Man  lu  both  the  basiG]ihenaid  and 
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form,  in  the  higher  types.    They  are  more  developed  in  the  OyolMtomttU 
tliHn  in  any  other  Vertebrate  type. 

The  meaning  of  theae  carti!agee  is  veiy  obscure ;  bat,  from  their  being  in 
part  employed  to  support  the  lipa  and  homy  teeth  of  the  Cyclostomata  and 
the  Tadpole,  I  should  be  inclined  to  reganl  them  as  remiumts  of  a  primi- 
tive skeleton  supporting  ^e  suctorial  mouth,  with  which,  on  the  grounds 
ah-eady  stated  (p,  263),  I  believe  the  ancestors  of  the  pi-efient  Vertebrata 
to  have  been  provided. 

BiBLIOQRAPHT. 


(440)  C.  Qegenbanr.  VtOenaehnngm  z.  vtrgUUk.  Anat.  d.  Wirbeltkttre,  iii. 
Halt.     Dot  Kopftkeltt  d.  Selacbier.     Leipzig,  1873. 

(441)  Oanther.     Brab.  iib.  dit  Entwkk.  d.  OehiirorganM.    Leipzig,  1842. 

I44])  O.  Hertnig.  "  Ueb.  d.  ZahDaystem  d,  Amphibien  u.  Beina  BedeutoDg  f. 
d.  UeneseO.  Skeletsd.  MandboMe."    Archiv/.  mikr.  Anat.,  Vol.  11.  1871,  Hnppl. 

(443)  T.  H.  Hniley,  "On  the  theory  ot  the  vertebrate  ukuU."  Proe.  Royal 
Soc.,  Vol.  n.  la58. 

(+44)    T.H.  Hull 

(445)  T.H.  Hqi;:    ,. 

(446)  T.H.Huil8y.      "OnCeratoduBForsteii,"     Proc.  Zool.  Sac. ,  187^. 

(44;)  T.  H.  Huxley.  "  Tbeuntureof  the  ciauiofacial  apptuatas  of  Petromyion." 
Jouni.  of  Anat.  and  I'hijt.,  VoL  i.  1876. 

(44H)     T.  H.  Huxley.      The  Anatomy  of  Vertrbraled  AaimaU.     London,  187L 

(449)  W,  E.  Parker.  "On  the  gtractare  and  development  of  tbe  aknll  of  the 
Common  Fowl  (GailUB  Domesticos)."    Phil.  Tram.,  1869, 

(450)  W.  K.  Parker.  ■'  On  the  Bbnictuie  and  development  of  the  skull  ot  tho 
Common  Frog  (Bana  lemporaria)."    Phil.  Tram.,  1871. 

(451)  W.  K.  Paiher.  "On  the  structnre  and  development  or  the  Bkall  in  tbe 
Salmon  (Sulmo  salar)."    Bakerian  Lecture,  Phil.  Tram.,  187H. 

(451)  W.  K.  Parker.  "On  the  structare  and  development  ot  the  skull  in  tho 
Pi6(SQBBo;o(a).-    Phil.  Trani.,  ISU. 

(453)  ^'  K.  Parker.  "On  the  Htructnre  and  developmBat  of  the  aknll  in  the 
Batrauhia."    Part  Ji.  Phil.  Tram.,  1876. 

(454)  W.  K.  Parkar.  "On  the  Btmctnre  and  development  of  the  aknll  in 
the  Uiodelona  Amphibia."    Port  iii.  Phil.  Tram.,  1877. 

(455)  W-  K.  Parker.  "  Oa  the  etraotuie  and  development  of  the  akoll  in  the 
Common  Snake  (Tropidonotus  uatrii)."     Phil.  Trait'. ,  1878. 

(4,^6)  W.  R,  Parker.  "  On  the  Btrucbnce  and  development  of  the  ekall  in  Sharks 
and  Bkatee."     Tram.  Unolog.  Soc.,  1878.    Vol.  i.  pt.  iv. 

(457)  ^-  K-  Parker.  "On  the  atmctore  and  develo^ent  of  the  ikull  in  tbe 
Locertilia."    PL  i.  Lacecta  agilln,  L.  viridiB  and  Zootoca  vivipara.    Phil.  Trant.,  1879. 

(458)  W.  K.  Parker.  "The  development  of  the  Green  TorUe."  The  Zoology 
of  the  Voyofif  of  H.  M.S.  Challtnner.     Vol.  i.  pt.  v. 

(4K9)  W.  E.  Parker.  "Tbe  Btniottue  and  development  ot  the  aknll  in  the 
Batraehia."     Pt.  iii.  Pl.il.  TraiiM.,  1880. 

I460)  W.  K.  Parker  and  U.T.  Bettanv.  Thx  ilorpJiology  of  the  SkuU.  London, 
1877. 

(460*)  H.  Bathke.     Entwkk.  d.  NatUr.    ESnigeberg,  1839. 

(461)  C.  B.  Beichert.  "  Ueber  die  Visceralbogen  d.  Wirbelthiere."  MSlUr"! 
Archiv,  1837. 

(461)  W.  Salensky.  "  Beitifige  a.  Bntwiek.  d.  knoipeligen  OehSrknSohelchen." 
Morphol.  Jakrbttch,  Vol.  »l.  1880. 

Vide  also  Eiilliker  (No.  tg^),  especially  for  the  hnman  and  tnfcTntwalian  sknU;  tidlte 
(No.  J96). 


3y  Google 


CHAPTER  XX. 


THE  PECTORAL  AND  PELVIC  GIRDLES  AND  THE 
SKELETON  OF  THE  LIMBS. 


The  Pectoral  girdle. 

Pisces.  Amongst  Fislies  the  pectoral  girdle  presents  itself  in  its 
simplest  form  in  Etosmo branch ii,  where  it  consists  of  a  bent  baud 
of  cartilage  on  each  aide  of  the  body,  of  somewhat  variable  form, 
meeting  and  generally  uniting  witli  its  fellow  ventrally.  Its  anterior 
border  is  in  close  proximity  with  the  last  visceral  arch,  and  a  trans- 
verse ridge  on  it«  outer  and  posterior  border,  forming  the  articular 
surface  for  tlie  skeleton  of  the  limb,  divides  it  into  a  dorsal  part, 
which  may  be  called  the  scapula,  and  a  ventral  part  which  may  be 
culled  the  coracoid. 

In  all  the  remaining  groups  of  Fishes  there  is  added  to  the  car- 
tilaginous band,  which  may  wholly  or  partially  ossify,  an  osseous 
support  composed  of  a  series  of  membrane  bones. 

In  the  types  with  such  membrane  bones  the  cartilaginous  parts 
do  not  continue  to  meet  ventrally,  except  in  the  Dipnoi  where  there 
is  a  ventral  piece  of  cartilage,  distinct  from  that  bearing  the  articu- 
lation of  the  limb.  The  cartilage  is  moreover  produced  into  two 
ventral  processes,  an  anterior  and  a  posterior,  below  the  articulation 
of  the  limb;  which  maybe  called,  in  accoi-dance  with  Gegcnbaur'B 
nomenclature,  the  prwcoracoid  and  coracoid.  Of  these  the  pne- 
coracoid  is  far  the  most  prominent,  and  in  the  majority  of  cases  the 
coracoid  can  hardly  be  recognised.  The  coracoid  process  is  however 
well  developed  in  the  Selachioid  Ganoids,  and  the  Siluroid  Teleostei, 
In  Teleostei  the  scapular  regiou  often  ossities  in  two  parts,  the  smaller 
of  which  is  named  by  Parker  pnecoracoid,  though  it  is  quite  distinct 
from  Gegenbaur's  pra;coracoid.  The  membrane  bones,  as  they  pre- 
sent themselves  in  their  most  primitive  state  in  Acipenser  and  the 
Siluroids,  are  dermal  scutes  embracing  the  anterior  edge  of  the  car- 
tilaginous girdle.  In  Acipenser  there  are  three  scutes  on  each  side. 
A  dorsal  scute  known  as  the  supra-clavicle, connected  above  with 
the  skull  bj-  the  post-temporal ;  a  middle  piece  or  clavicle,  and  a 
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ventral  or  infra-clavicle  (inter- clavicle),  wliicli  meets  its  fullow 
below. 

In  most  Fishes  the  primitive  dermal  scutes  have  become  sub- 
dermal  membrane  bunes,  and  the  infra-clavicle  is  usually  not  distinct, 
but  the  two  clavicles  form  the  most  important  part  of  the  mem- 
branous elements  of  the  girdle.  Additional  membrane  bones  (post- 
clavicles)  are  often  present  behind  the  main  row. 

Hie  development  of  these  parts  in  Fishes  has  been  but  little 
studied. 

In  Scyilium,  amongst  the  Elasmobranchii,  I  find  that  each  half  of 
the  pectoral  girdle  develops  as  a  vertical  bar  of  cartilage  at  the  front 
border  of  the  rudimentary  fin,  and  externally  to  the  muscle-plates. 

Before  the  tissue  forming  the  pectoral  girdle  has  acquired  the  cha- 
racter of  true  cartilage,  the  bars  of  the  two  sides  meet  ventrally  by  a 
differentiation  in  situ  of  the  mesoblastic  cells,  so  that,  when  the  girdle 
is  converted  into  cartilage,  it  forms  an  undivided  arc,  girthing  the 
ventral  side  of  the  body.  There  is  developed  in  continuity  witn  the 
posterior  border  of  this  arc  on  the  level  of  the  tin  a  horizontal  bar 
of  cartilage,  which  is  continued  backwards  along  the  insertion  of  the 
fin,  and,  as  will  be  shewn  in  the  sequel,  becomes  the  metapterygium 
of  the  adult  (figs^  34i,  bp  and  348,  mp).  With  this  bar  the  remain- 
ing skeletal  elements  of  the  fin  are  also  continuous. 

The  foramina  of  the  pectoral  girdle  are  not  in  the  first  instance 
formed  by  absorption,  but  by  the  non-development  of  the  cartilf^^e 
in  the  region  of  pre-esisting  nerves  and  vessels. 

The  development  of  th^ae  parts  in  TeleoBtei  hua  been  recentlj  investigated 
by  'Swirski  (No.  47a)  who  fimls  in  the  Pike  (b^sox)  that  the  cartilaginous 
pectoral  girdle  in  at  Mrst  continuoiiB  with  thx  skeleton  of  the  fin.  It  forms 
a  rod  with  a  dorsal  scapular  aud  ventral  coracoid  ptwieas.  An  independent 
mass  of  cartilage  gives  rise  to  a  pitBconicoid,  which  unites  with  the  main 
muss,  forming  a  triradiale  bur  like  that  of  Acipeiiser  or  the  Siluroids.  The 
coracoid  pi-ocetts  becomes  in  the  course  of  dtsvelojiment  gradually  reduced. 

'Swirski  concludes  that  the  so-called  prKcoracoid  bar  is  to  some  extent 
a  secondary  element,  and  that  the  concoid  bar  oorreapondB  to  the  whole  uf 
the  ventral  part  of  the  girdle  of  £litsmobrancbii,  but  his  investigatious  do 
not  appear  to  me  to  be  as  complete  as  ia  desirable. 

Ampbibift  ftnd  Amniota.  The  pectoral  girdle  contains  a  more  or 
less  constant  series  of  elements  throughout  the  Amphibia  and  Am- 
niotA;  and  the  differences  in  structure  between  the  shoulder  girdle 
of  these  groups  and  that  of  Fishes  are  so  great  that  it  is  only  possible 
to  make  certain  general  statements  respecting  the  homologies  of  the 
parts  in  the  two  sets  of  types. 

The  generally  accepted  view,  founded  on  the  researches  of  Parker, 
Huxley,  and  Gegenbaur,  is  to  the  effect  that  there  is  a  primitively 
cartilaginous  coraco- scapular  plate,  homologous  with  that  in  Fishee, 
and  that  the  membrane  bones  in  Fislies  are  represented  by  the 
clavicle  and  inter-clavicle  in  the  Sauropsida  and  Mammalia,  which 
are   however   usually  admitted   to  be  absent  in  Amphibia.     These 
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views  have  recently  been  challenged  by  Qiitte  (No.  466)  and  Hoff- 
manD  (No.  467),  on  the  ground  oi  a  series  of  careful  embryological 
observatioua ;  and  until  the  whole  subject  has  been  worked  over 
by  other  observera  it  does  not  seem  possible  to  decide  satisfacf-orily 
between  the  conflicting  views.  It  is  on  all  hands  admitted  that  the 
scapulo-coracoid  elements  of  the  shoulder  girdle  are  formed  as  a  pair 
of  cartilaginous  plates,  one  on  each  side  of  the  body.  Tlie  dor.sal  hwlf 
of  each  plate  liecomes  the  scapula,  which  may  subsequently  become 
divided  into  a  supra-scapula  and  scapula  proper;  while  the  ventral  hulf 
forms  the  coracoid,  which  is  not  always  separated  from  the  scapula, 
and  is  usually  divided  into  a  coracoid  proper,  a  prsacoracoid,  and  an 
epicoracoid.  By  the  conversion  of  parts  of  the  primitive  cartilaginous 
plates  into  membranous  tissue  various  fenestne  may  be  formed  in 
the  cartilage,  and  the  bars  bounding  these  fenestras  both  in  tlie 
scapula  and  coracoid  regions  have  received  special  names ;  the  ante- 
rior bar  of  the  coracoid  region,  forming  the  priKcoracoid,  being  espe- 
cially important.  At  the  boundary  between  the  scagjula  and  the 
coracoid,  on  the  hinder  border  of  the  plate,  ia  placed  the  glenoid 
articular  cavity  to  cActj  the  head  of  the  humerus. 

The  grounds  of  difierence  between  Obtte  and  Hofirnann  and  other 
anatomists  concern  especially  the  clavicle  and  inter-clavicle.  Tlie 
clavicle  is  usually  regarded  as  a  membrane  bone  which  may  become 
to  some  extent  cartili^inous.  By  the  above  anatomists,  and  by 
Ratlike  also,  it  is  held  to  be  at  first  united  with  the  coraco-scapular 
plate,  of  which  it  forms  the  anterior  limb,  free  veutrally,  but  united 
dorsally  with  the  main  part  of  the  plate ;  and  Gbtte  and  Hodinann 
hold  that  it  is  essentially  a  cartilage  bmie,  which  however  in  the 
majority  of  the  Keptilia  ossifies  directly  without  passing  through  the 
condition  of  cartilage. 

The  interclavicie  (epistemum)  is  held  by  Gotte  to  be  developed 
from  a  paired  formation  at  the  free  ventral  ends  of  the  clavicles,  but 
he  holds  views  which  are  in  many  respects  original  as  to  its  homo- 
logies in  Mammalia  and  Amphibia.  Even  if  (jotte's  facts  are  ad- 
milted,  it  dMSi  not  appear  to  me  necessarily  to  follow  that  his 
deductions  are  correct.  The  most  important  of  these  is  to  the  effect 
that  the  dermal  clavicle  of  Pisces  has  no  homologue  in  the  higher 
types.  Granting  that  the  chivicle  in  these  groups  is  in  its  first  stage 
continuous  with  the  coraco-scapular  plate,  and  that  it  may  become 
in  some  forms  cartilaginous  before  ossifying,  yet  it  seems  to  me  all 
the  same  quite  possible  that  it  is  genetically  derived  from  the  clavicle 
of  Pisces,  but  that  it  has  to  a  great  extent  lost  eveu  in  development 
its  primitive  characters,  though  these  characters  are  still  partially 
indicated  in  the  fact  that  it  uaaally  ossifies  very  early  and  partially 
at  least  as  a  memirane  boiie^. 

'  The  fact  of  the  olavicle  goini;  oat  of  iU  way,  bo  to  speak,  to  become  caititaginoos 
before  being  osaiGcd,  may  perhaps  be  explained  by  HQppoBing  that  its  close  onnnectioa 
with  the  other  parta  of  the  shoulder  girdle  has  onased,  hy  a  kind  ot  inleetioii,  a  change 
iu  its  histological  charactem. 
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In  treating  tlie  development  o'  the  jiectonil  gii-dle  system atically  it 
will  be  convenient  to  Ix-giu  witb  the  Amniota,  which  u)&y  be  cODuidered 
to  fix  the  nomeuctftture  of  the  elements  of  the  shoulder  ginlle. 

LacertilitL  The  shoulder  girdle  is  formed  an  two  memlimnoux  jilates, 
from  the  dorsal  part  of  the  anterior  border  of  each  of  which  a  bar  projt^ts 
(Rathke,  Gotte),  which  is  free  at  it«  ventrsl  end.  This  bar,  which  is  usually 
(OegenbHUr,  Parker)  held  to  be  indepenileiit  of  the  remaining  )iarC  of  the 
shoulder  girdle,  gives  lise  to  the  clavicle  and  in  t«  relit  vide.  The  scapulo- 
coraeoid  plate  soon  becomes  cartilaginous,  while  at  the  same  time  the 
clavicular  bar  ossifies  directly  from  the  memlirsinouB  Ktat«.  The  ventral 
ends  of  the  two  clavicular  bars  enlai^  to  fonn  two  longitudinally  placed 
jilates,  which  unite  together  and  oeaify  as  the  iiiterclavicle. 

Parker  gives  a  very  different  account  of  the  interclavicle  in  Angiiis. 
He  states  that  it  is  fuinned  of  two  pnirs  of  bones  'strapped  on  to  the 
antero-inferior  part  of  the  ptvateruum,'  which   subsequently  unite   into 

Chelonia.  The  shoulder  girdle  of  the  Chelonia  is  formed  (liathke)  «f 
H  triradiate  cartilage  on  each  side,  with  one  dur«al  and  two  ventral  limbs. 
It  is  admitted  on  all  handn  that  the  dorsal  limb  is  the  scapular  element, 
Hud  the  pos'erior  ventral  limb  the  coracoid  ;  but,  while  the  anterior  ventral 
limb  is  usually  held  lo  be  the  pnecoracoid,  Odtte  and  Hoffmann  maintain 
that,  in  fpite  of  its  being  formed  of  cartilage,  it  is  homologous  with  the 
anterior  bar  of  the  primitive  shotildev^platoi  of  Lacertilia,  and  therefote 
the  honiologne  of  the  clavi<^le. 

Parker  and  Huxley  (doubtfully)  hold  that  the  three  anterior  elements 
uf  the  ventral  plastfon  (entoplastron  and  epiplastra)  are  homologous  with  the 
■nterolavicle  and  clavicles,  but  considering  that  these  plates  ap})ear  to  belong 
to  a  Bucondary  system  of  dermal  ossifications  peculiar  to  the  Chelonia,  this 
homology  does  not  appear  to  me  probable. 

AveS.  There  art>  very  great  differences  of  view  as  to  the  development 
of  the  pectoral  arch  uf  Aves. 

About  the  presence  in  typical  forms  of  the  coraoo-scapular  plate  and  two 
independent  clavicular  bars  all  authors  are  agreed.  With  reference  to  the 
clavicle  and  interclavicle  Parker  {No,  468)  finds  that  the  scapular  end  of 
the  clavicle  attaches  itaelf  to  and  ossifies  a  mass  of  cartilage,  which  he 
regards  as  the  mesoscapula,  while  the  interclavicle  is  formed  of  a  mass  of 
tissue  between  the  ends  of  the  clMvicles  where  they  meet  ventrally,  which 
becomes  the  dilated  ptatA  at  their  Junction. 

Gegenbaur  holds  that  the  two  primitive  clavicular  bat's  are  sim])ly 
clavicles,  without  any  element  of  the  scapula  ;  and  states  that  the  clavicles 
are  not  entirely  ossified  Trom  membrane,  but  that  a  delicate  band  of  carti- 
lage precedes  the  osseous  bars.     He  finds  no  interclavicle. 

Gdtte  and  Kathke  both  state  that  the  clavicle  is  at  first  continuous  with 
the  coraoo-scapular  plate,  but  becomei  early  separated,  and  ossifies  entirely 
as  a  membrane  bone.  Gotte  fuitber  BtAt«s  that  the  inlerclavicles  are  formed 
ns  outgrowths  of  the  median  ends  of  the  clavicles,  which  eictend  themselvMi 
at  an  early  |>eriod  of  development  along  the  inner  edges  of  the  two  halves 
of  the  sternum.  They  soon  separate  from  the  clavicles,  which  subsequently 
meet  to  form  the  furculum ;  while  the  interclavicular  rudiments  give  rise, 
on  the  junction  of  the  two  halves  of  the  st«mui)i,  lo  il»  keel,  and  to  the 
ligament  connecting  the  furculum  witti  the  sternum.     The  observations  of 
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Giitte,  whiL-h  tend  to  shew  the  Vee]  of  the  Hteriiuiu  is  reully  aa  iuterctavide, 
appear  to  me  of  great  importaoue. 

A  prtec-irauoid,  partiHlly  neparated  from  the  coracoid  by  &  tpace,  is 
prosent  in  Struthio.  It  is  formed  by  a  lenestnttion  of  a  primitively 
continuous  cnrtilaginoui  coracoid  plate  (Qoffmann).  la  DroniieuB  and 
OaBuarius  ctikvicles  are  present  (fusml  with  the  KCapula  in  the  adult 
DrointeiiH),  thuugh  absent  in  other  Ratitte  (Piirker,  etc.). 

MammaliA.  The  coracoid  element  of  the  coraix>-Rcn.p'llar  plat«  is 
much  reduced  in  Mammiilia,  forming  at  most  a  simple  process  (excrpt  in  the 
Ornithodelphia)  which  ossifies  however  separately'. 

With  reft<reoce  to  the  clavicles  the  sume  divergencies  of  opinion  met 
with  in  other  types  are  found  hei-e  also. 

The  clavicle  is  ntutod  by  Kathke  to  be  at  first  continunmi  with  the 
coraeo-sciipular  plate.  It  is  however  soon  se|>arated,  and  o^isifies  very  early, 
in  the  liuman  embryo  before  any  other  bone.  Gegenbaur  however 
shewed  thdt  the  human  clavicle  is  provided  with  a  central  Axis  «f 
c.irtilagp,  and  this  observation  has  been  confirmed  by  Kolliker,  and  ex- 
tended to  other  IlammaliEi  by  Gotte,  The  mode  of  O'-siGcation  is  never- 
theless in  many  respects  intermediate  between  that  of  a  true  cartil^o  bone 
and  a  mi'mbrane  bone.  The  ends  of  the  clavicles  reraniQ  for  some  time, 
or  even  permanently,  cartilaginous,  and  have  been  interpreted  by  Parker, 
it  appear^'  to  me  on  hardly  sufficient  grounds,  as  parte  of  the  mesoscapula 
and  precoracoid.  Parker's  so-called  mesoscapula  may  ossify  separately. 
The  homologies  of  the  episternum  are  much  disputed.  Ootte,  who  has 
worked  out  the  development  of  the  parts  more  fully  than  any  other 
anatomist,  finds  that  paired  interclavicular  elements  grow  out  backwards 
from  the  ventral  ends  of  the  clavicles,  and  uniting  together  form  a  some- 
what T-shaped  interclavicle  overlying  the  front  end  of  the  sternum.  This 
condition  is  permanent  in  the  Oi-iiithodel|ihiu,  except  that  the  anterior  part 
of  the  sternum  undergoes  atrophy.  But  in  the  higher  forms  the  inter- 
clavicle becomes  almost  at  once  divided  into  three  parts,  of  which  the  two 
lateral  remain  distinct,  while  the  median  element  fuses  with  the  subjacent 
part  of  the  stemnm  and  constitutes  with  it  the  presternum  (maaubriiim 
atemi).  It'  Giitte's  facts  are  to  be  trusted,  and  they  have  been  to  a  large 
extent  confiinned  by  Hoffmann,  his  homnlogies  appear  to  be  .satisfactorily 
establtslied.  As  mentioned  on  p.  46J  Ruge  (No.  438)  holds  that  G<>tte  is 
mistsken  as  to  the  oiigin  of  the  presternum. 

Gegenbaur  admits  the  lateral  elements  as  giarts  of  the  int«rclavicle, 
while  Parker  holds  thitt  they  are  not  purts  of  an  interelavicle  but  are 
homologous  with  the  omristernum  of  the  Frog,  which  is  however  held  by 
Ootte  to  be  a  true  int«rclavicle. 

Ampllibia.  In  AmphibiH  the  two  halves  of  the  shoulder  girdle  are 
each  formed  ai  a  continuous  plate,  the  ventml  oi*  coracoid  part  of  which  iit 
forked,  and  is  composed  of  a  larger  posterior  and  a  smaller  anterior  bar-tike 
priicess,  united  dorsally.  In  the  TJrodela  the  two  remain  permanently  free 
at  their  ventral  ends,  but  in  the  Anura  they  become  united,  and  the  sgwce 
between  them  then  forma  a  feciestra.     The  anterior  process  is  usually 

>  This  process,  known  as  the  coracoid  process,  is  held  bj  Snbatisr  to  be  the 
precoiacoid -,  while  this  author  also  holds  that  the  upper  third  of  the  glenoid  cavitj. 
which  OHgifies  by  a  special  nncleus,  is  the  true  coraooid.  The  absence  of  a  pnetoracoid 
in  the  Omithodelphia  in  to  my  mind  a  serious  difficulty  in  the  nay  of  Sabatier'e  view. 
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(Gegenbaur,  Parker)  regarded  as  the  pnecoraooid,  but  Ootto  has  pointed  ■ 
out  that  in  ita  mode  of  deTolopment  it  strongly  resembles  the  clavicle  of 
the  higher  forms,  and  behaves  quite  differently  to  the  so-called  pnecoraooid 
of  Lizards.  It  ia  however  to  lie  noticed  that  it  differa  from  the  clavicle  in 
the  fact  that  it  ia  never  segmenttid  off  from  the  coraoo-scapular  plate,  a 
condition  which  has  its  only  parallel  in  the  equally  doubtful  caae  of  the 
Cbelonia.  Parker  holds  that  there  ia  no  clavicle  present  Itx  the  Amphibia, 
while  Oegenbanr  maintaius  that  an  ossification  which  appears  in  many  of 
the  Anura  (though  not  in  the  TJrodela)  in  the  perichondrinm  on  the 
ant«rlor  border  of  the  cartil^nous  bar  above  mentioned  ia  the  repre- 
sentative of  the  clavicle.  Qotte's  observations  on  the  ossification  of  this 
bone  throw  doubt  upon  this  view  of  Gegenbaur;  while  the  fact  that  the 
cartilagmouB  bar  may  be  completely  enclosed  by  the  bone  in  question 
renders  Gegenbaur's  view,  that  there  ia  present  both  a  olavicle  and  pits- 
ooracoid,  highly  improbable. 

So  interclavide  is  present  in  Urodela,  but  in  this  group  and  in  a 
number  of  the  Anura,  a  proceea  grows  out  from  the  end  of  each  of  the 
bars  (pnecoracoids)  which  Obtte  holds  to  be  the  clavicles.  The  two  pro- 
cesses unite  in  the  median  line,  and  give  lisa  in  front  to  the  anterior 
unpaired  element  of  the  shoulder  girdle  (omost«n^um  of  Parker).  They 
sometimes  overlap  the  epicoracoids  behind,  and  fusing  with  them  bind 
them  together  in  the  median  line.  Parker  who  has  described  the  paired 
origin  of  the  so-called  oraostemum,  holds  that  it  is  not  homologous  with 
tiie  interclaviole,  but  compares  it  with  his  omosternnm  in  Mammals. 
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Pelvic  girdle, 
Pisces.  Tbe  pelvic  girdle  of  Fishes  is  formed  of  a  cartilaginous 
band,  to  the  outer  and  posterior  side  of  which  the  basal  element  of 
the  pelvic  fin  is  usually  articulated.  This  articulation  divides  it 
into  a  dorsal  iliac,  and  ventral  pubic  section.  Tho  iliac  section  never 
articulates  with  the  vertebral  column. 

In  Elasmobranchii  the  two  girdlea  unite  ventrally,  but  the  .iliac 
B.E.  II.  32 
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aection  is  only  elightly  developed.  In  Cbimsera  there  is  a  well  deve- 
loped iliac  process,  but  the  pubic  parts  of  the  girdle  are  only  united 
by  connective  tissue. 

Id  the  cartilaginouB  Ganoids  the  pelvic  ginlle  is  hardly  to  be 
separated  from  the  ekeleton  of  the  fin.  It  u  not  united  with  its 
fellow,  and  is  repreaented  by  a  plate  with  slightly  developed  pubic 
and  iliac  processes. 

In  the  Dipnoi  there  is  a  simple  median  carttla^,  articulated  vith 
the  limb,  but  not  provided  with  an  iliac  process.  la  bony  Qanoids 
and  Teleostei  there  is  on  each  aide  a  bone  meeting  iis  fellow  in  the 
ventral  tine,  which  ie  usually  held  to  be  the  rudiment  of  the  pelvic 
girdle ;  while  Davido£F  attempts  to  shew  that  it  is  the  basal  element 
of  the  fin,  and  that,  except  in  Polyptenis,  a  true  pelvic  girdle  is 
absent  in  these  types. 

From  my  own  observations  I  find  that  the  mode  of  development 
of  the  pelvic  girdle  in  Scyllium  is  very  similar  to  that  of  tbe  pectoral 
girdle.  I'here  is  a  bar  on  each  side,  continuous  on  its  posterior 
border  with  the  basal  element  of  tbe  fin  (figs.  345  and  347).  This 
bar  meets  and  unites  with  its  fellow  ventrally  before  becoming  con- 
verted into  true  cartilage,  and  though  the  iliac  process  (»'/)  is  never 
very  coDsiderable,  yet  it  is  better  developed  in  tbe  embryo  than  in 
the  adult,  and  is  at  first  directed  nearly  horizontally  forwards. 

Amphibia  and  Amiliota>  The  primitive  cartilaginous  pelvic 
girdle  of  the  higher  types  exhibits  the  same  division  as  that  of  Pisces 
into  a  dorsal  and  a  ventral  section,  which  meet  to  form  the  articular 
cavity  for  the  femur,  known  as  the  acetabulum.  The  doisal  section 
is  always  single,  and  is  attached  by  means  of  rudimentary  ribs  to 
the  sacral  region  of  the  vertebral  column,  and  sometimes  to  vertehne 
of  the  adjoining  lumbar  or  caudal  r^ons.  It  always  ossifies  as  the 
ilium. 

The  ventral  section  is  usually  formed  of  two  more  or  less  separated 
parts,  an  anterior  which  ossifies  as  the  pubis,  and  a  posterior  which 
ossifies  as  the  ischium.  The  space  between  them  is  known  as  the 
obturator  foramen.  In  the  Amphibia  tbe  two  parts  are  not  separated, 
and  resemble  in  this  respect  the  pelvic  girdle  of  Fishes.  They  gene- 
rally meet  tbe  corresponding  elements  of  the  opposite  side  ventrally, 
and  form  a  symphysis  with  them.  The  symphysis  pubis,  and  sym- 
physis ischii  may  be  continuous  (Mammalia,  Amphibia). 

The  observations  on  the  development  of  the  pelvic  girdle  in  the 
Amphibia  and  Amuiota  are  nearly  as  scanty  as  on  those  of  Fishes. 

Amphibia,  in  the  Amphibia  (Buoge,  No.  473)  the  two  halves  of 
the  pulvic  gii-dle  are  forrued  as  independent  masses  of  cartila^  which 
subsequently  unite  in  the  ventral  line. 

In  the  UrodelouB  Amphibia  (Tiiton)  each  mass  is  a  sim^^e  pUte  of 
cartilage  divided  into  a  dorsal  and  ventral  section  by  Hm  acetabulum. 
The  ventral  parts,  which  are  not  divided  into  two  regions,  unite  in  a 
symphysis  comparatively  late. 

The  dorsal  section  oesifiea  as  the  ilium.     The  ventral  uBually  contains 
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a  single  osBi6'jation  in  ita  jxmterior  part  which  forma  the  ischium;  while 

the  anterior  part,  which  may  bo  con-idered  ai  representing  the  pubis, 
usually  remains  cartilaginous ;  though  Kuxiey  (No.  475)  stat^  that  it  has 
a  iH;parat«  centi-e  of  ossi6cation  in  Salamandur,  which  however  does  aot 
appear  to  be  always  present  (Bunge).  There  is  a  small  obtui-ator  foramen 
between  the  ischium  and  pubis,  which  gives  passage  to  the  obturator  nerve. 
It  is  formed  by  the  part  of  the  tissue  where  the  nerve  Is  placed  not  be- 
coming coQveited  into  cartilage. 

There  iit  a  peculiar  cartilage  in  the  reutral  median  liae  in  front  of  tlie 
pubis,  which  is  developed  independently  of  and  much  later  than  the  true 
parts  of  the  [lelvic  girdle.     It  may  be  called  the  prwpubic  cartllBge, 

lACertilia.  in  I^certilia  the  pelvic  girdle  is  formed  as  a  somewhat 
.  triradiate  mass  of  cartilage  on  each  side,  with  a  dorsal  (iiiac)  process,  and  two 
ventral  (pubic  and  ischiad)  processes.  Tlie  acetabulum  is  placed  on  the 
outer  side  at  the  junction  of  the  three  processes,  each  of  which  may  be 
considered  to  have  a  share  in  forming  it.  The  distal  ends  of  the  pubis 
and  ischium  are  close  together  when  first  formed,  but  subsequently 
separate.  Each  of  tbem  unites  at  a  late  stnge  with  the  corresponding 
process  of  the  opposite  side  in  a  ventral  symphysis.  K  centre  of  ossifica- 
tion appears  in  each  of  the  thi-ee  processes  of  the  primitive  cartilage. 

In  Birds  the  parts  of  the  pelvic  girdle  no  longer  develop  as  a  continu- 
ous cartilage  (Bunge).  Either  the  pubis  may  be  distinct,  or,  as  in  the  Duck, 
all  the  elements.  The  ilium  early  exhibits  a  short  anterior  process,  but 
the  pubis  and  ischium  are  at  first  placed  with  their  long  axes  at  right 
angles  to  thnt  of  the  ilium,  but  gradually  become  rotated  so  as  to  lie  paral- 
lel with  it,  their  distal  ends  pointing  backwards,  and  not  uniting  vetitrally 
excepting  in  one  or  two  Struthious  forms. 

MftMinalia.  In  Mammalia  the  pelvic  girdle  is  formed  in  oartilap:e 
as  in  the  lower  forms,  but  in  Man  at  any  rate  the  pubic  part  of  the  carti- 
lage is  formed  independently  of  the  remainder  (Rosenberg).  There  are 
the  usual  three  centres  of  ossification,  which  unite  eventually  into  a  single 
bone — the  innominate  bone.  The  pubis  and  ischium  of  each  side  unite  with 
each  other  ventrtjiy,  so  as  completely  to  enclose  the  obturator  foramen. 

Huxley  holds  that  the  so-called  mnrsupial  bones  of  Monotronies  and 
Marsupials,  which  as  shewn  by  Uegonbaur  [No.  474)  are  prefoi'med  in  carti- 
lage, are  homologous  with  the  prtepufais  of  the  Urodela ;  but  considering 
the  great  gap  between  the  Urodela  and  Mammalia  this  homology  can  only 
be  regarded  as  tentative.  He  futther  holds  that  the  anterior  prolongations 
of  the  cartilaginous  ventral  ends  of  the  pubis  of  Crocodilia  are  also  struc- 
tures of  the  same  nature. 
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Comparison  of  Pectoral  and  Pelvic  gii-dles. 

Throughout  the  Vertebrata  a  more  or  less  complete  serial  homo- 
logy may  be  obBerved  between  the  pectoral  and  pelvic  girdles. 

In  tae  cartilaginous  Fishes  eacli  girdle  consists  of  a  continuous 
band,  a  dorsal  and  ventral  part  being  indicated  by  the  articulation 
of  the  fin;  the  former  being  relatively  undeveloped  in  the  pelvic 
girdle,  while  in  the  pector^  it  may  articulate  with  the  vertebral 
column.  In  the  caae  of  the  pectoral  girdle  secondary  membrane 
bones  become  added  to  the  primitive  cartilage  in  most  Fishes,  which 
are  not  developed  in  the  case  of  the  pelvic  girdle. 

In  the  Amphibia  and  Amniota  the  ventral  section  of  each  girdle 
becomes  divided  into  an  anterior  and  a  posterior  part,  the  former  ■ 
constituting  the  preecoracoid  and  pubis,  and  the  latter  the  coracoid 
and  ischium ;  these  parts  are  however  very  imperfectly  differentiated 
in  the  pelvic  girdle  of  the  Urodela.  The  ventral  portions  of  the 
pelvic  girdle  usually  unite  bebw  in  a  symphysis.  They  also  meet 
each  other  ventrally  in  the  case  of  the  pectoral  girdle  in  Amphibia, 
but  in  most  other  types  are  separated  by  the  sternum,  which  has  no 
homologue  in  the  pelvic  region,  unless  the  pnepubic  cartilage  is  to 
be  regarded  as  such.  The  dorsal  or  scapular  section  of  the  pectoral 
girdle  remains  free ;  but  that  of  the  pelvic  girdle  acquires  a  firm 
articulation  with  the  vertebral  column. 

If  the  clavicle  of  the  higher  types  is  derived  from  the  mem- 
brane bones  of  the  pectoral  girdle  of  Fishes,  it  has  no  homologue  in 
the  pelvic  girdle;  but  if,  as  Ootte  and  Hoffmann  suppose,  it  is  a  part 
of  the  primitive  cartilaginous  girdle,  the  ordinary  view  as  to  the 
serial  homologies  of  the  ventral  sections  of  the  two  girdles  in  the 
higher  types  will  need  to  be  reconsidered. 

Limba, 

It  will  be  convenient  to  describe  in  this  place  not  only  the  de- 
velopment of  the  skeleton  of  the  limbs  but  abo  that  of  the  limba 
themselves.  The  limbs  of  Fishes  are  moreover  so  different  from  those 
of  the  Amphibia  and  Amniota  that  the  development  of  the  two  types 
of  limb  may  advantageously  be  treated  separately. 

In  Fishes  the  fii-st  rudiments  of  the  limbs  appear  as  slight  longi- 
tudinal ridge-like  thickenings  of  the  epiblast,  which  closely  resemble 
the  first  rudiments  of  the  unpaired  fine. 

These  ridges  are  two  in  number  on  each  side,  an  anterior  imme- 
diately behind  the  last  visceral  fold,  and  a  posterior  on  the  level 
of  the  cloaca.  In  most  Fishes  they  are  in  no  way  connected,  but 
in  some  Elasmobranch  embryos,  more  especially  in  Torpedo,  they 
are  connected  bother  at  their  first  development  by  a  line  of 
columnar  epiblast  cells'.  This  connecting  line  of  columnar  epiblast 
is  a  very  transitory  structure,  and  after  its  disappearance  the  rudi- 
mentary fins  become  more  prominent,  consisting  (fig.  343,  h)  of  a  pro- 
jecting ridge  both  of  epiblast  and  mesoblast,  at  the  outer  edge  of 
>  F.  H.  Balfour.    Ittynograph  on  Elatmoftratuik  FUhtt,  pp.  101—3. 
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which   b   a  fold  of  epiblast  only,  -wliieh  soon  reaches  considerable 
dimensions.     At  a  later  st^e  the  mesoblast  penetrates  into  this  fold 
and  the  fin  becomes  a  simple  ridge 
of   mesoblast,   covered    by   epiblast 
The   pectoral  £qb  are   usually  con- 
siderably ahead  of  the  pelvic  fins  in 


For  the  remaining  history  it  is 
necessary  to  confine  ourselves  to 
Scyllium  as  the  only  type  which  has 
been  adequately  studied. 

The  direction  of  the  original  ridge 
which  connects  the  two  fins  of  each 
side  is  nearly  though  not  quite  longi- 
tudinal, sloping  somewhat  obliquely 
downwards.  It  thus  comes  about 
that  the  attachment  of  each  pair  of 
limbs  is  somewhat  on  a  slant,  and         ■„     ...     „ 

,,      ,     ,,  ...  ,  ,'  ,  flO.  B43.      DBCTIOH   T 

that  the  pelvic  pair  nearly  meet  each  tsnibai.  f: 

other  in  the  median  ventral  line  a  touho  xui 

little  way  behind  the  anus.  utbl  or  i 

The  elongated  ridge,  forming  the  „„*-,?!5^  ^^^  Z^°^^v'^J*^r' 

,.  i."      1     n    °        1      11  °  *"*'■  oarainal  vein ;   ua,  Titelline  ar- 

nidunent  ot  each  nn,  gradually  pro-     tery;  w.  TiteUine  yein;  al.  dnode. 
jects  more  and  more,  and  so  becomes     nnm ;  '■  li»ar ;  id.  opening  of  seg. 
■Lro-Jet  in  proportjon  to  it.  length,     --'Si',5i.°,  ""urUSS 
but  at  the  same  time  its  actual  at-     oaual. 
tacbment  to  the  side   of  the   body 

becomes  shortened  from  behind  forwards,  so  that  what  was  originally 
the  attached  border  becomes  in  part  converted  into  the  posterior  Border. 
This  process  is  much  more  completely  carried  out  in  the  case  of  the 
pectoral  fins  than  in  that  of  the  pelvic,  and  the  changes  of  form 
undei^ne  by  the  pectoral  fin  in  ito  development  may  he  gathered 
firom  figs.  344  and  348. 

Before  proceeding  to  the  devebpment  of  the  skeleton  of  the  fin 
it  may  be  pointed  out  that  the  connection  of  the  two  rudimentary 
fins  by  a  continuous  epithelial  line  suggests  the  hypothesis  that  they 
are  the  remnants  of  two  continuous  lateral  fins*. 

Shortly  after  the  view  that  the  paired  fins  were  remnants  of  con- 
tinuous lateral  fins  had  been  put  forward  in  my  memoir  on  Elasmo- 
branch'  Fishes,  two  very  interesting  papers  were  published  by  Thacker 
(No,  489)and  Mivart  (No.  484)  advocating  this  view  on  the  entirely 
independent  grounds  of  the  adult  structure  of  the  skeleton  of  the 
paired  fins  in  comparison  with  that  of  the  unpaired  fins*. 

'  Both  Maolise  and  Hompluy  {Journal  of  Anat.  and  PAuf.,  Tol.  t.)  had  prerionslf 
iDggeited  that  the  paired  fina  weie  related  to  the  impaired  ana. 

*  Davidofl  m  a  Memoir  Mo.  477)  which  forms  an  important  contribution  to  onr 
knowledge  of  the  atraotnre  of  the  peine  Bus  has  attempted  from  his  obBerrations  to 
deduce  certain  argomeats  ieeiuBt  the  liberal  fln  theory  of  the  limbs.      His  main 
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The  development  of  the  skeleton  has  uofortunately  not  been  as 
yet  very  fully  studied.  1  have  however  made  some  inveatigationa 
OQ  this  suhject  on  Scyllium,  and  'Swirski  has  also  made  some  on  the 
Pike. 

In  Scyllium  the  development  of  hoth  the  pectoral  and  pelvic  fins 
is  very  similar. 

In  both  fins  the  skeleton  in  its  earliest  stage  consists  of  a  bar 
springing  from  the  posterior  sido  of  the  pectoral  or  pelvic  girdle, 
and  running  backwards  parallel  to  the  long  axis  of  the  body.  The 
outer  side  of  this  bar  is  continued  into  a  plate  which  extends  into 
the  6n,  and  which  becomes  very  early  segmented  into  a  series  of 
parallel  rays  at  right  angles  to  the  longitudinal  bar. 

In  other  words,  the  primitive  skeleton  of  both  the  fins  consists  of 

a  longitudinal  bar  running  along  the  base  of  the  fin,  and  giving  off  at 

right  angles  series  of  rays  which  pass  into  the  fin.     The  longitudinal 

bar,  which  may  be  called  the  basi  pterygium,  is  moreover  continuous 

in  front  wilh  the  pectoral 

or  pelvic  girdle  as  the  case 

may  be. 

The  primitive  skeleton 
of  the  pectoral  fin  is  shewn 
in  longitudinal  section  in 
fig.  344,  and  that  of  the 
pelvic  fin  at  a  slightly  later 
stage  in  fig.  345. 

A     transverse    section 

shewing  the  basi  pterygium 

{•mpt)  of  the  pectoral  fin, 

and  the  plate  passing  from 

it  into  the  fin,  is  shewn  in 

fig.  346. 

in  the  oondition  Before    proceeding    to 

describe  the  later  history 

bp.  UfipteiTBmm  (eventual  metaptCTj-gitim);        f  ^he   tWO   finS  it  may  be 

Jr.   6n  rayBj   p.g.   pectoral   girdle   in   traiiBveree  .  .  ,1     ,  ,l    ■ 

flection ;  /.  torameii  in  pectoral  girdle  ;  pc.   wall      well  to  point  OUt  that  tneit 

of  peritoneal  cavity.  embryonic    structure  com- 

argnment  ii  bssiM]  on  tbe  fact  that  a  variable  but  often  considerable  nomber  of  tbe 
Bpinal  nerfea  in  fiont  of  the  pelvic  Gn  are  united,  by  a  lougitudiniLl  commissure,  with 
the  true  pleins  of  the  neriea  supplying  the  fiu.  From  this  he  eonoludes  that  the  pelvia 
fin  has  ehifted  its  poeition,  and  that  it  may  once  therefore  have  been  situated  close 
behind  tbe  visceral  arches.  If  this  is  the  stiongest  argument  which  can  be  brought 
against  the  theory  advocated  in  the  teit,  there  is  I  trust  a  considerable  chance  of  its 
being  generally  accepted.  For  even  granting  that  DavidofTs  deduction  from  the 
oharaolcr  of  the  pelvic  plcius  is  correct,  there  is,  ao  far  aa  1  see.  no  reason  in  the 
ualQie  of  tbe  lateral  fio  theory  why  the  pelvio  fins  should  not  have  shifted,  and  on  the 
other  band  the  longitodinal  cord  connecting  some  of  the  npinal  nerves  in  front  of  the 
pelvic  fin  mny  have  another  explanation.  It  might  for  instanoe  be  a  remnant  of  the 
lime  when  the  pelvio  fln  had  a  more  elongated  form  than  at  present,  and  acoonlinglj 
extended  further  forwards. 

In  any  ca^e  our  knowleilge  of  the  nalnre  and  origin  of  nerrons  plexuses  is  far  too 
imperfect  to  found  upon  their  oharacter  suoh  conclusioDB  aa  those  of  DavidofT. 
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pletely  supports  the  view  which  has  been  arrived  at  from  the  con- 
sideration of  the  soft  parts  of  the  fin. 

My  observations  shew  that  the  embryonic  skeleton  of  the  paired 
fin  consists  of  a  series  of  parallel 
rays  similar  to  those  of  the  un- 
paired fins.     These  rays  support 
the  soft  part  of  the  fin  which  has 
the  form  of  a  longitudinal  ridge, 
and  are  continuous  at  their  base 
with  a  longitudinal  bar,  which  may 
very  probably  be  due  to  secondary 
development.     Aa  pointed  out  by 
Kivart,  a  longitudinal  bar  is  also 
occasionally  formed  to  support  the 
cartilaginous  rays  of  unpaired  fins. 
The  longitudinal  bar  of  the  paired 
fins  is  believed  by  both  Thacker 
and  Mivart  to  be  due  to  the  coa- 
lescence of  the  bases  of  primitively 
independent  rays,  of  which  they  believe  the  fin  to  have  been  originally 
composed,     lliis  view  is  probable  enough  in  itself,  but  there  is  no 
trace  in  the  embryo  of  tiie  bar  in  question  being  formed  by  the 
coalescence  of  rays,  though  the  fact  of  its  being  perfectly  continuous 
with  the  bases  of  the  rays  is  somewhat  in  favour  of  this  view*. 

A  point  may  be  noticed  here  which  may  perhaps  appear  to  be  a 
difficulty,  vii.  that  to  a  considerable  extent  in  the  pecU)ral,  and  to  some 
extent  in  the  pelvic  fin  the  embiyouio  cartilage  from  which  the  fin-rays 
ara  developed  is  at  first  a  continnoua  lamina,  which  subsequently  segments 
into  rays.  I  am  however  inclined  to  regard  thia  merely  as  a  result  of  the 
mode  of  conversion  of  the  iodifieretit  mesoblast  into  cartilage  ;  and  in  any 
cose  no  conclusion  adverse  to  the  above  view  can  be  drawn  from  it,  since 
I  find  that  the  rajs  of  the  unpaired  fin  are  similarly  segmented  from  a 
continuous  lamina.  In  all  oases  the  segmentation  of  the  rajd  is  to  a  large 
extent  completed  before  the  tissue  in  question  is  sufficiently  differentiated 
to  be  called  cartilage  bj  an  histologist. 

Thacker  and  Mivart  both  hold  that  the  pectoral  and  pelvic  girdles 
have  been  evolved  by  ventral  and  dorsal  growths  of  the  anterior  end 
of  the  longitudinal  bar  supporting  the  fin-rajrs. 

There  is,  so  far  as  I  see,  no  theoretical  objection  to  be  taken  to 
this  view,  and  the  fact  of  the  pectoral  and  pelvic  girdles  originating 
continuously,  and  long  remaining  united  with  the  longitudinal  bars  of 
their  respective  fins  is  in  favour  of  rather  than  against  this  view. 

'  Thftcker  more  espedallr  (oands  Ui  -new  on  the  adult  form  of  the  pelvio  fina  in 
the  oaitilaginouB  OaDoida;  Polyodon,  in  which  the  part  whioh  constitutes  the  basal 
plate  in  other  forms  is  divided  into  separate  MginentB,  being  mainly  relied  on.  It  ia 
possible  that  the  segmentatioa  of  thia  plate,  aa  maintained  by  Oegenbanr  and  Davidoff, 
iA  BAVLnjtArv    hnt  TbfU^hpr^n  vipw  th&t  thft  fvumumtntion  iq  a.  nrimitive  ch&ractBT  aeems 
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The  same  may  be  said  of  the  &ct  that  the  first  part  of  each  girdle 
to  he  formed  ia  that  in  the  neighbourhood  of  the  longitudinal  bar 
(basipterygium)  of  the  fin,  the  dorsal  and  ventral  prolongations  being 
subsequent  growths. 

The  later  development  of  the  skeleton  of  the  two  fins  is  more 
conveniently  treated  separately. 

The  Pelvic  fin.  The  changes  in  the  pelvic  fin  are  comparatively 
slight.  The  fin  remains  through  life  as  a  nearly  horizontal  lateral 
projection  of  the  body,  and  the  longitudinal  bar — the  basipterygium 
— at  its  base  always  renkains  as  such.  It  is  for  a  considerable 
period  attached  to  the  pelvic  girdle,  but  eventually  becomes  seg- 
mented from  it.  Of  the  no  rays  the  anterior  remains  directly  articu- 
lated with  the  pelvic  girdle  on  the  separation  of  the  basipterygium 
(fig.  347),  and  the  remaining  rays  finally  become  segmented  from  the 


I   PKOIOEU.  ITS  or  A  TODKO    BVBBIO  OV 

nq)(,  bMiptei7gial  bar  (meUptei;giiim) ;  Jr.  fin  n.j ;  tn.  mnsdeB ;  h/.  hoin;  fibies, 

basipterygium,  though  they  remain  articulated  with  it.  They  also 
become  to  some  extent  transversely  segmented.  The  posterior  end 
of  the  basipterygial  bar  also  becomes  segmented  off  as  the  terminal 
ray. 

The  pelvic  fin  thus  retains  in  all  essential  points  ite  prmoitive 
arrangement. 

The  pectoral  fin.  The  earliest  stage  of  the  pectoral  fin  differs 
&om  that  of  the  pelvic  fin  only  in  minor  points.  There  is  the  same 
longitudinal  or  basipterygial  bar  to  which  the  fin-rays  are  attached, 
whose  position  at  the  base  of  the  fin  ia  clearly  seen  in  the  transverse 
section  (fig.  346,  mpt).  In  front  the  bar  ia  continuoua  with  the  pec- 
tona  girdle  (figs.  314  and  348). 
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The  changes  which  take  place  in  the  course  of  the  further  develop- 


FlQ.    947.      pBLTtC  PIM  or  1   YOUNO   ItAlM   KUBSTO   OF  SCTMJUII   S 

}yp.  baaipteiygiQm ;  tn.o.  prooesB  of  bBsiptei;giam  oontinoed  into  oUsper ;  il.  IUm 
prooeaa  of  peototal  girdle ;  pu.  pubis. 

meat  are  however  very  much  more  considerable  in  the  case  of  the 
pectoral  than  in  that  of  the  pelvic  fin. 

By  the  process  spoken  of 
above,  by  which  the  attach- 
ment of  the  pectoral  fin  to 
the  body  wall  becomes  short- 
ened from  behind  forwards, 
the  basipterygial  bar  is  gra- 
dually rotated  outwards,  its 
anterior  end  remaining  at- 
tached to  the  pectoral  girdle. 
In  this  way  this  bar  comes  to 
form  the  posterior  border  of 
the  skeleton  of  the  fin  (figs. 
348  and  349  mp),  constituting 
what  Gegenbaur  called  the 
metapterygium,  and  even- 
tually becomes  segmented  off 
from  the  pectoral  girdle, 
simply  articulating  with  its 
hinder  edge. 

The  plate  of  cartilage, 
which  is  continued  outwards  848.    Pbctobil  fik  or  as  Eimmo  of  Sen.- 

&om  the  baaipteiygium,   or    ufH  btbium. 

as   we   may  now  <ijJ  it,  the  mp.  meUptarjgium  (bMipterygiam  of  earliar 

mpta,nt.prv£riiim  int.o  thn  fin  ■*"«**  •  "^P-  mdin"""'  o*  ft"nre  pro-  and  meso- 
meiapieiygium,  rniO  ine  nn,  pt^^ginn, .  „,  out  anrfaoe  of  scapular  process ; 
18   not  nearly  so  completely      cr.coraooidprooe8»;/r.foranion;/.hornyftbres. 
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divided  up  into  fin-rays  as  ia  the  case  of  the  pelvic  fin,  and  this  is 
especially  the  case  with  the  basal  part  of  the  plate.  This  basal  part 
becomes  in  fact  at  first  only  divided  into  two  parte  (fig.  34^)  a  small 
anterior  part  at  the  front  end  (me.p),  and  a  laiger  posterior  along 
the  base  of  the  reminder  of  the  fin.  The  anterior  part  directly 
joins  the  pectoral  girdle  at  its  base,  resembling  in  this  respect 
the  anterior  fin-ray  of  the  pelvic  ginJIe.  It  constitutes  the  rudiment 
of  the  mesopterygium  and  propterygium  of  Gesenbaur.  It  bears 
four  fin-rays  at  its  extremity,  the  anterior  not  being  well  marked. 
The  remaining  Sn-rays  are  home  by  the  edge  of  the  pUte  continuous 
with  the  metaptetygium. 

The  further  changes  in  the  cartilages  of  the  limb  are  not  impor- 
tant, and  are  easily  understood  by  reference  to  fig.  349  representing 
the  limb  of  a  nearly  full-grown  embryo.  The  front  end  of  the  ante- 
rior basal  cartilage  becomes  segmented  off  as  a  propterygium,  bearing 
a  single  fin-ray,  leaving  the  remainder  of  the  cartilage  as  a  mesopte- 
rygium. The  remiunder  of  the  now  considerably  segmented  fin-rays 
are  borne  by  the  metapterygium. 

The  mule  of  development  of  the  pectoral  fin  demonstrates  that, 
as  supposed  by  Mivart,  the  metapterygium  is  the  homologue  of  the 
basal  cartilage  of  the  pelvic  fin. 

From  the  mode  of  development  of  the  fins  of  Scyllium  conclnBiona 
may  be  drawn  adverse  to  the  views  recently  put  forward  on  the  atrnc- 
ture  of  the  fin  by  GFegenbsnr  and  Huxley,  both  of  whom  consider  the 
primitive  type  of  fin  t<i  be  most  nearly  retained  in  Ceratodua,  and  to 
consiat  of  a  oentral  multLBegmented  axis  with  nunicrouB  rays.  Ge^^nbaur 
dei'ives  the  Eliainobranch  pectoral  fin  frcim  a  form  which  be  calls  the 
archipteryginm,  nearly  like  that  of  Ceratodus,  with  a  median  axis  and  two 
rowBofraya;  but  holds  that  ia  addition  to  the  rays  attached  to  the  median 
axis,  which  are  alone  found  in  Cemtodus,  there  were  other  raya  directly 
articulated  to  the  ahoulder-girdle.  He  conxiders  that  in  the  Elaamobranch 
fin  the  majority  of  Ihe  lateral  rays  on  the  [KMterior  (median  or  inner 
according  to  his  view  of  the  position  of  the  limb)  side  have  became 
alxirted,  and  that  the  central  axis  is  represented  by  the  metaptervgium  ; 
while  the  pro-  and  mesopteiygiam  and  their  nys  are,  he  believes,  derived 
from  those  rajs  of  the  arcbipterygium  which  originally  articulated  directly 
with  the  ahoulder-girdle. 

Gegenbaitr'is  view  appears  to  me  to  be  absolutely  negatived  by  the  facts 
of  development  of  the  pectoral  fin  in  Soyllium  ;  not  so  much  because  the 
pectoral  tin  in  this  form  is  necessarily  to  be  regarded  as  primitive,  but 
because  what  Gegenbaur  holds  to  be  the  primitive  axis  of  the  biserial  fin 
is  demouatrated  to  be  really  the  base,  and  it  is  only  in  the  sdiilt  that  it  is 
oonoeivable  that  a  seoond  set  of  lateral  layH  could  have  existed  on  the 
posterior  side  of  the  metapterygium.  If  O^enbaur's  view  were  correct 
we  ahould  expect  to  find  in  the  embryo,  if  anywhere,  traces  of  the  second 
set  of  lateral  raya ;  but  the  fact  is  that,  as  may  easily  be  seen  by  an  inspec- 
tion of  figa  341  and  346,  auoh  a  second  set  of  lateral  raya  could  not  pos- 
sibly have  existed  in  a  type  of  lin  like  that  found  in  the  embryo'.     With 

>  It,  Thich  I  Tery  mueh  doubt,  Qegen^nr  is  right  in  regarding  certain  rays  found 


3y  Google 


this  view  of  OegeDbaur's  it  appears  to  me  that  the  theory  I:e1d  hy  thia 

anatomist  to  the  effect  that  the  lirubs  are  modified  gill  archea  also  falls ;  in 

that  his  method  of  deriving 

the  limbs  from  gill   arches 

ceases  to  be  udmissible,  while 

it  is  not  easf  to  see  bow  a 

limb,  formed  on  the  type  of 

the  embryonic  limb  of  Elan- 

mobranche,  could  be  derived 

from  a  visceral  arch  with  iu 

branchial  rays'. 

Gegenbaur's  older  view 
that  the  Elasmobranch  fin 
retains  a  primitive  uuiBerial 
type  appears  to  me  to   bo  - 

nearer  the  truth  than  his 
mure  i-ecent  view  on  this 
subject ;  tliongh  I  hold  that 

the  fundamental  point  estab-  ^^'^;  ^^□.^""'I^lb  oJ  f?,."-'^"!^  ^™ 
lished   by  the   development     or  ScviiUtrv  eTSLUBB. 

ol  these  parts  in  Scyllium  is  „j^    metapterjginm  ;    vu.p.    meBopterjgiatn ; 

that  the  posterior  border  of     pp.  proptetyginm ;  er.  coracoid  procesB. 
the  ndult  Elasmobranch  fin 

is  the  primitive  base  line,  i.«.  the  line  of  attachment  of  the  fin  to  the  aide 
of  the  body. 

Huxley  holds  that  the  meaopterygium  is  the  proximal  piece  of  the  axial 
skeleton  of  the  limb  of  Ceratodua,  and  derives  the  Elasmobranch  fin  from 
thut  of  Ceratodus  by  the  xhortening  of  its  axis  and  the  ooalescenoe  of  some 
of  its  elements.  The  secondary  character  of  the  mesopt^rygium,  and  its 
total  absence  in  the  embryo  Scyllium,  appears  to  me  as  conclusive  against 
Huxley's  view,  as  the  character  of  the  embryonic  fin  is  against  that  of 
Gegenbaur;  and  I  should  be  much  more  inclined  to  hold  that  the  fin  of 
Ceratodus  has  been  derived  ft-om  a  fin  like  that  of  the  Elasniobianchii  by 
a  series  of  steps  similar  to  those  which  Huxley  supposes  to  have  led  to  the 
establishment  of  the  Elasmobranch  tin,  but  in  exat;tly  the  reverse  order. 

With  reference  to  the  development  of  the  pectoral  fin  in  the  Tfleost«i 
there  are  some  observations  of  'Swirski  (No.  488)  which  unfortunately  do  . 
not  throw  very  much  light  upon  the  nature  of  the  limb. 

'Swirski  finds  that  in  the  Pike  the  skeleton  of  the  limb  is  formed  of  a 
plate  of  cartilage,  continuous  with  the  pectoral  girdle;  which  soon  becomes 
divided  into  a  proximal  and  a  distal  portion.  The  former  is  subsequently 
segmented  into  five  busal  rays,  and  the  latter  Into  twelve  parts,  the  number 
of  which  subsequently  becomes  reduced. 

in  some  Elasmobranch  peetoral  Soa  as  radiments  ol  a  Beonnd  set  of  rajs  on  the 
poatenor  side  of  the  nietaptei;giuni,  these  rajB  will  have  to  be  r^ardsd  aa  strnctmea 
in  the  act  of  being  evolved,  and  not  aa  perBiatini;  tracea  of  a  biseritii  fin. 

'  Some  argnmeotg  in  favour  ol  Oeeeabaar'a  theory  adduced  by  Wiedersheim  as 
a  reault  of  his  leaearchea  on  Protopterua  are  interesting.  The  attachment  vhich  he 
desoribes  between  the  extemsl  gillg  and  the  ppotoral  girdle  is  no  doabt  remarkable, 
bat  I  would  soggest  that  the  obseTrationB  we  have  on  the  vascular  supply  of  theae 
giUa  demonatrate  that  thia  atlaehment  ia  aecondai?. 
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Tbeu  ioToetigatioDB  might  b«  regarded  aa  tending  to  shew  tb&t  the 
basipterygiam  of  £lasinobranchii  la  not  repreaented  in  Ttsleoatei,  owing  to 
the  fin  rays  not  having  united  into  a  continuona  baaal  bar,  but  the  obaer- 
Tationa  are  not  auSoiently  complete  to  admit  of  this  conduaioQ  beii^ 
founded  upon  them  with  any  certainty. 

The  chetTopteri/ffiunL 

Obserrationa  on  the  early  development  of  the  pentadactyloid 
limba  of  the  higher  Vertehrata  are  comparatively  scanty. 

The  limbs  arise  as  simple  outgrowths  of  the  sides  of  the  body, 
formed  both  of  epiblast  and  mesoblast.  In  the  Amniota,  at  i^l 
events,  they  are  processes  of  a  special  longitudinal  ridge  known  as 
the  Wolffian  ridge.  In  the  Amniota  they  also  bear  at  their  ex- 
tremity a  thickened  cap  of  epiblast,  which  may  be  compared  with 
the  epiblastic  fold  at  the  apex  of  the  EUasmobranch  fin. 

Both  limbs  have  at  first  a  precisely  similar  position,  both  being 
directed  backwards  and  being  parallel  to  the  sur&ce  of  tiie  body. 

In  the  TJrodela  (Gotte)  the  ulnar  and  £bular  sides  are  primitively 
dorsal,  and  the  radial  and  tibial  ventral :  in  Mammalia  however 
KoUiker  states  that  the  radial  aad  tibial  edges  are  from  the  first 
anterior. 

The  exact  changes  of  position  undergone  by  the  limbs  in  the 
course  of  development  are  not  fiilly  underBtood.  To  suit  a  terres- 
trial mode  of  life  the  flexures  of  the  two  limbs  become  gradually 
more  and  more  opposite,  till  in  Mammalia  the  corresponding  joints 
of  the  two  limbs  are  turned  in  completely  opposite  directions. 

Within  the  mesoblast  of  the  limbs  a  continuous  blastema  becomes 
formed,  which  constitutes  the  first  trace  of  the  skeleton  of  the  limb. 
The  corresponding  elements  of  the  two  limbs,  viz.  the  humerus  and 
femur,  radius  and  tibia,  ulna  and  fibula,  carpal  and  tarsal  bones, 
metacarpab  and  metatarsals,  and  digits,  become  difierentiated  withia 
this,  by  the  conversion  of  definite  regions  into  cartilage,  which  ma^ 
either  he  completely  distinct  or  be  at  first  united.  These  cartilagi- 
nous elements  subsequently  ossify. 

The  later  development  of  the  parta,  more  especially  of  the  carpus  and 
tarBOB,  has  been,  made  the  subject  of  considerable  study ;  and  important 
reaulta  have  been'  thereby  obtained  aa  to  the  homology  of  the  vbtious 
carpal  and  tarsal  bones  throughout  the  Yertebrata ;  but  this  sabject  is  too 
special  to  be  treated  of  here.  The  early  development,  including  the  sno- 
ceraion  of  the  growth  of  the  different  par^  and  the  extent  of  continui^ 
primitively  obtaining  between  them,  has  on  the  other  hand  been  but  little 
investigated ;  recently  however  the  development  of  the  limba  in  the  Uro- 
dela  has  been  worked  out  in  this  way  by  two  anatomists,  Qotte  (No.  483) 
and  Straaser  (So.  487),  and  their  reaulta,  though  not  on  all  points  in  com- 
plete harmony,  are  of  considerable  interest,  more  especially  in  their  bearing 
on  the  derivation  of  the  pentadactyloid  limb  from  the  pisfnne  fin.  Till 
however  further  investigations  of  the  same  nature  have  been  made  upon 
other  types,  the  ooncluaians  to  be  drawn  from  Ootte  and  Strasaer'a  obaerra- 
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tione  must  be  r^^arded  as  soniewhftt  proTieional,  the  actual  iat^pretation 
of  various  ontological  prciceases  being  veiy  uacertsio. 

The  forms  investigated  are  Triton  and  Salamandra.  We  raxj  remind 
the  reader  that  the  hand  of  the  TJrodela  has  four  digits;  and  the  foot  five, 
the  fifth  digit  being  absent  in  the  hand'.  In  Triton  the  proximal  row  of 
carpal  bones  consists  (using  Oegenbaur'a  nomenclature)  of  ( 1 )  a  radiale,  and 

i'i  and  3)  an  intermedium  and  ulnars,  partially  united.  The  distal  row  is 
ormed  of  four  carpals,  of  which  the  first  often  does  not  support  the  first 
metacarpal ;  while  the  second  articulates  with  both  the  first  and  second 
metacarpals.  In  the  foot  the  proximal  row  of  tarsals  oonsiatB  of  a  tibiale, 
an  intermedium  and  a  fibulare.  The  distal  row  is  formed  of  four  tarsals,  the 
first,  like  that  in  the  hand,  often  not  articulating  with  the  first  metatarsal, 
the  second  supporting  the  first  and  second  metatarsals ;  aitd  the  fourth  the 
fourth  and  fifth  metatarsals. 

The  mode  of  development  of  the  hand  and  foot  is  almost  the  same.  The' 
most  remarkable  feature  of  development  is  the  order  of  succession  <A  the 
digits.  The  two  anterior  (radial  or  tibial)  are  formed  in  the  first  loetaace, 
and  then  the  third,  fourth  and  fifth  in  succession. 

As  to  the  actual  development  of  the  skeleton  Strasser,  whose  observH- 
tiona  were  made  by  means  of  sections,  has  arrived  at  the  following  resultti. 

The  humerus  with  the  radius  and  ulna,  and  the  corresponding  parts  in 
the  hind  limb,  are  the  first  parts  to  be  differentiated  in  the  continuous  plate 
of  tissue  from  which  the  skeleton  of  the  limb  is  formed.  Somewhat  lat«r 
a  cartilaginous  centre  appeais  at  the  base  of  the  first  and  second  fingers 
(which  have  already  appeiu«d  as  prominences  at  the  end  of  the  limb)  in  the 
situation  of  the  permanent  second  carpal  of  the  distal  row  of  carpals ;  and 
the  process  of  chondrification  spreads  from  this  centre  into  the  fingers  and 
into  the  remainder  of  the  carpus.  In  this  way  a  continuous  carpal  plate 
of  cartilage  ia  established,  which  is  on  the  one  haad  continuous  with  the 
cartilage  of  the  two  metacarpals,  and  on  the  other  with  the  radius  and 

In  the  cartilage  of  the  carpus  two  special  columns  may  be  noticed,  the 
one  on  the  radial  side,  most  advanced  in  development,  being  oontinnoua 
with  the  radius  ;  the  otlier  leas  developed  column  on  the  side  of  the  ulna 
bein|[  continuous  both  with  the  ulna  and  with  the  radius.  The  ulna 
and  radius  are  not  united  with  the  humerus. 

In  the  further  growth  the  third  and  fourth  digits,  and  in  the  foot  the 
fifth  digit  also,  gradually  sprout  out  in  succession  from  the  ulnar  side  of  the 
continuous  carpal  plate.  The  carpal  plate  itself  becomes  segmented  fi-om 
the  radius  and  ulna,  and  divided  up  into  the  carpal  booes. 

The  original  radial  column  ia  divided  into  three  elements,  a  proximal 
the  radiaJe,  a  middle  element  the  first  carpal,  and  a  distal  the  second  carpal 
already  spoken  of.  The  first  carpal  is  thus  situated  between  the  ba^l 
cartilage  of  the  second  digit  and  the  radiale,  and  would  therefore 
appear  to  be  the  representative  of  a  primitive  middle  row  of 
carpal  bones,  of  which  the  centrale  is  also  another  represen- 
tative; 

The  centrale  and  intermedium  are  the  middle  and  proximal  products  of 
the  segmentation  of  the  ulnar  column  of  the  primitive  carpus,  the  distnl 
second  carpal  being  common  both  to  this  column  and  to  the  radial  column. 


'  This  seems  to  me  olearlj  to  fdlow  from  OGtte  and  Strasser'B  obserrationa. 
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The  ulnar  or  fibular  side  of  the  carpuH  or  tArriun  becomes  divided  into  a 
proicimal  element — th«  ulnare  or  filiulare — the  ulnare  remaining  partially 
united  with  the  interoiedium.  There  are  also  formed  from  this  plate  two 
carpals  to  articulate  with  digits  3  and  4;  while  in  the  foot  the  corre- 
sponding elements  articulate  resj^eotiTely  with  the  third  digit,  and  with 
the  fourth  »iid  fifth  digits. 

Gotte,  whose  observations  were  made  in  a  somewhat  different  method 
to  those  of  Strasaer,  is  at  variance  with  him  on  several  points.  He  finds 
that  the  primitive  skeleton  of  the  limb  consists  of  a  basal  portion,  the 
humerus,  continued  into  a  radial  and  an  ulnar  ray,  which  are  respectively 
prolonged  into  the  two  fint  digits.  The  two  rays  next  ooalesoe  at  the 
base  of  the  fingers  to  form  the  carpuB,  and  thus  the  division  of  the  limb 
into  the  brachium,  antebrachium  and  manus  is  effected. 

The  ulna,  which  is  primitively  prolonged  into  the  second  digit,  is  sub- 
sequently separated  from  it  and  is  prolonged  into  the  third ;  from  the 
side  of  the  part  of  the  carpus  connecting  the  ulna  with  the  third  digit 
the  fourth  digit  is  eventually  budded  out,  and  in  the  foot  the  fourth  and 
liilh  digits  arise  from  the  ofHresponding  region,  finch  of  the  three  columns 
connected  respectively  with  the  first,  second,  and  third  digits  beoomea 
dinded  into  three  succL'Ssive  carpal  bones,  so  that  Crott«  holds  the  skeletoa 
of  the  hand  or  foot  to  be  formed  of  a  proximal,  a  midille,  and  a  distal  row 
of  carpal  bones  each  containing  potentially  three  elements.  The  proximal 
row  is  formed  of  the  radiale,  intermedium  and  ulnare;  the  middle  row  of 
carpal  1,  the  centrole  and  carpal  4,  and  the  distal  of  CHrpal  2  (consisting 
according  to  Giitte  of  two  coalesced  elements)  and  carpal  3. 

The  derivation  of  t/ie  Cheiroplerygium  from  tKe  JehOtyopterygiuta.  All 
anatomists  are  agreed  that  the  limtn  of  the  higher  Yert«brata  are  derived 
^om  those  of  fishes,  but  the  gulf  between  the  two  types  of  limbs  is  bo 
great  that  there  is  room  for  a  verj  great  diversity  of  opinioti  as  to  the 
mode  of  evolution  of  the  cheiropterygium.  The  moat  important  speculations 
on  the  subject  are  those  of  Qegenbkur  and  Hiixley. 

Qegenbaur  holds  that  the  cheiropt«rygiura  is  derived  from  a  uniserial 
piscine  limb,  and  that  it  consists  of  a  primitive  stem,  to  which  a  series  of 
lateral  rays  are  attached  on  one  (the  ulnar)  side;  while  Huxley  holds  that 
the  cheiropterygium  is  derived  from  a  biuerial  piiicine  limb  by  "  the  length- 
ening of  the  axial  skeleton,  accompanied  by  the  removal  of  its  diatai 
elements  further  away  from  the  shoulder-girdle  and  by  a  diminution  in  the 
number  of  the  rays." 

N^either  of  these  theories  is  founded  upon  ontology,  and  the  only  onto- 
logical  evidence  we  have  which  bears  on  this  qui'Stion  is  that  above  re- 
corded with  reference  to  the  development  of  the  Urodele  limb. 

Without  holding  that  this  evidence  can  be  considered  as  in  any  way 
conclusive,  its  tendency  would  appear  to  me  to  be  in  favour  of  regarding 
the  cheiropterygium  oa  derived  from  a  uniserial  type  of  fin.  The  humerus 
or  femur  would  appear  to  be  the  basipteiygial  bars  (metapterygium),  which 
have  become  directed  outwards  instead  of  retuning  their  original  position 
parullel  to  the  length  of  the  body  at  the  base  of  the  fin.  The  anterior 
(proximal)  fia-rays  and  the  pro-  and  mesopterygium  must  be  supposed 
to  have  become  aborted,  while  the  radius  or  ulna,  and  tibia  or  fibula  are 
two  posterior  fin-rays  (probably  each  representing  several  coalesced  rays 
like  the  pro-  and  mesopterygium)  which  support  at  their  distal  extremities 
more  numerous  fin-raya  oonaistii^  of  the  rows  of  carpal  and  tarsal  bones. 
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This  view  of  the  clieiropterygium  corretiponda  in  some  reapocts  with  that 
put  forwHrd  by  Gijtte  as  a  result  of  hia  investigutioiis  od  the  development 
of  the  TJrodele  limbs,  though  in  other  respects  it  is  verj  different.  A  diffi- 
culty of  this  view  is  the  fact  that  it  involves  our  supposing  that  the  radial 
edge  of  the  limb  corresjxinds  with  the  nieta])teiygiRl  edge  of  the  pisi-ine 
fiu.  The  difficulties  of  this  position  have  been  clearly  pointed  out  by 
Huxley,  but  the  fact  that  in  the  primitive  position  of  the  Urodele  linil» 
the  mdtiis  is  ventral  and  the  ulna  dorsal  shews  that  this  difficulty  is  not 
insuperable,  in  that  it  is  ecuy  to  conceive  the  radial  border  of  the  fin  to 
have  become  rotated  from  its  primitive  Elasmobranch  ponition  into  the 
vertical  position  it  ocoupiea  in  the  embryos  of  the  Urodela,  and  then  to 
have  be^  further  rotated  from  this  positibu  into  that  which  it  oocupiea 
ia  the  adult  Urodela  and  in  all  higher  forms. 
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CHAPTER   XXI. 

THE  BODY  CAVITY,  THE  VASCULAR  SYSTEM,  AND 
THE  VASCULAR  GLANDS. 

The  body  cavity. 

In  the  0(Bleiiterat&  do  body  cavity  as  distinct  from  the  alimeDtury 
cavity  is  present;  but  in  tbe  remaining  Invertebrata  the  body  cavity 
may  (1)  take  the  form  of  a  wide  space  separating  the  wall  of  the  gut 
from  the  body  wall,  or  (2)  may  be  present  iu  a  more  or  less  reduced 
form  as  a  number  of  serous  spaces,  or  (3)  only  be  represented  by 
irregular  channels  between  the.  muscular  and  connective-tissue  cells 
filling  up  the  interior  of  the  body.  The  body  cavity,  in  whatever 
form  it  presents  itself,  is  probably  filled  with  fluid,  and  the  fluid  in 
it  may  contain  special  cellular  elements.  A  well  developed  body 
cavity  may  coexist  with  an  independent  system  of  serous  spaces,  as  in 
the  Vertebrata  and  tbe  fk:hinadermata ;  the  perihcemal  section  of  the 
body  cavity  of  the  latter  probably  representing  the  system  of  serous 
spaces. 

In  several  of  the  types  with  a  well  developed  body  cavity  it  has 
been  established  that  this  cavity  originates  ia  the  embryo  from  a 
pair  of  alimentary  diverticula,  and  the  cavities  resulting  hoxa  tbe 
formation  of  these  diverticula  may  remain  distinct,  the  adjacent  walls 
of  tbe  two  cavities  fusing  to  form  a  dorsal  and  a  ventral  mesentery. 

It  is  fairly  certain  that  some  groups,  e.g.  the  Tracheata,  with 
imperfectly  developed  body  cavities  are  descended- from  ancestors 
which  were  provided  with  well  developed  body  cavities,  but  how  far 
this  is  universally  the  case  cannot  as  yet  be  definitely  decided,  and 
for  additional  information  on  this  subject  the  reader  is  referred  to 
pp.  294 — 297  and  to  the  literature  there  referred  to. 

In  the  Chfetopoda  and  the  Tracheata  the  body  cavity  arises  as  a 
series  of  paired  compartments  in  the  somites  of  mesohlast  (fig.  350) 
which  have  at  first  a  very  restricted  extension  on  the  ventral  side  of 
the  body,  but  eventually  extend  dorsalwards  and  ventralwards  till 
each  cavity  is  a  half  circle  investing  the  alimentary  tract;  on  the 
dorsal  side  the  walls  separating  the  two  half  cavitieB  usually  r 
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i  the  dorsal  mesentery,  while  ventrally  tbey  urc  in  most  iii^taactis 


FlO.  350.        LONOHUDINJL    SEOriON    THBODOB    an    EUBUIO   of    AOELIHI    L 

The  section  is  taken  slightly  to  one  nide  of  the  middle  line  wi  as  to  shew  the  rela- 
tioa  of  the  mesoblastie  somites  to  the  limbs.  In  the  interior  are  seen  the  jolk 
segments  and  their  naclei. 

1 — 16.  the  segments  1  pr.l.  piwephiilic  lobe ;  do.  dorsal  integument. 

absorbed.  The  transverse  walls,  separating  the  successive  compart- 
ments of  the  body  cavity,  generally  become  more  or  less  perforated. 

Ghordata.  In  the  Chordata  the  primitive  body  cavity  is  either 
directly  formed  from  a  pair  of  aiimentary  diverticula  (Cephalochorda) 
(fig.  3)  or  as  a  pair  of  spacea  in  the  mesoblastic  plates  of  the  two 
sides  of  the  body  (fig.  20). 

As  already  explained  (pp.  244 — 249)  the  walls  of  the  dorsal  sec- 
tions of  the  primitive  body  cavity  soon  become  separated  from  those 
of  the  ventral,  and  becoming  segmented  constitute  the  muscle  plates, 
while  the  cavity  within  them  becomes  obliterated  :  thev  are  dealt 
with  in  a  separate  cliapter.  The  ventral  part  of  the  primitive  cavity 
alone  constitutes  the  perrnaneut  body  cavity. 

The  primitive  body  cavity  in  the  lower  Vertebrata  is  at  first  con- 
tinued forwards  into  the  region  of  the  he^d,  but  on  the  formation  of 
the  visceral  clefts  the  cephalic  section  of  the  body  cavity  becomes 
divided  into  a  series  of  separate  compartments.  Snbsec[uently  these 
sections  of  the  body  cavity  become  obliteraled ;  and,  since  their  walls 
give  rise  to  muscles,  they  may  probably  be  looked  upon  as  equivalent 
to  the  dorsal  sections  of  the  body  cavity  in  the  trunk,  and  will  be 
treated  of  in  connection  with  the  muscular  system. 

As  a  result  of  its  mode  of  origin  the  body  cavity  in  the  trunk  is 
at  first  divided  into  two  lateral  halves;  and  part  of  the  mesoblast 
lining  it  soon  becomes  distinguished  a.s  a  special  layer  of  epithelium, 
known  as  the  peritoneal  epithelium,  of  which  the  part  bounding 
the  outer  wall  forms  the  somatic  layer,  and  that  boun^ling  the  inner 
11.  K.  II.  :j3 
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wall  the  splauchnic  layer.  Between  the  two  Bplanchoic  layers  is 
placed  the  giit.  On  the  ventral  eide,  in  the  region  of  the  permanent 
gut,  the  two  halves  of  the  body  cavity  soon  coalesce,  the  septum  be- 
tween them  becoming  absorbed,  and  the  splanchnic  layers  of  epithe- 
linra  of  the  two  sides  uniting  at  the  ventral  side  of  the  gut,  and  the 
somatic  layers  at  the  median  ventral  hue  of  the  body  wall  (fig.  351). 
In  the  lower  Vertebrata  the  body  cavity  is  originally  present  even 
in  the  post-anal  region  of  the  trunk,  but  usnally  atrophies  early,  fre- 
quently before  the  two  halves  coalesce. 

On  the  dorsal  side  of  the  gut  the  two  halves  of  the  body  cavity 

never  coalesce,  hut  eventually  the  splanchnic  layers  of  epithelium  of 

the  two  sides,  together  with  a  thin  layer  of  interposed  mesoblast,  form 

a  delicate  membrane,  known  as  the  mesentery,  which  suspends  the 

gut  from  the  dorsal  wall  of  the  body  (fig,  119  and  351).   On  the  dorsal 

«de  the  epithelium  lining  of  the  body  cavity  is  usually  more  columnar 

than  elsewhere  (fig.  351),  and  its  cells 

partly  form  a  covenng  for  the  generative 

organs,    and    partly   give    rise    to    the 

primitive  germinal  cells.     This  part  of 

the  epithelium  is  often  known  as  the 

germinal  epithelium. 

Over  the  greater  part  of  the  body 
*  cavity  the  lining  epithelium  becomes  in 

the  adult  intimately  united  with  a  layer 
X  of  the  subjacent  connective  tissue,  and 

m»  constitutes  with  it  a  special  lining  mem- 

a  brane  for  the  body  cavity,  known  as  the 

M  peritoneal  membrane. 

Abdominal  pores.    In  the  Cydosto- 

inata,  the  majority  of  the  Elasmobranchii, 
the  Ganoidbi,  a  few  TeleoBtei,  the  Dipnoi, 
and  some  Sauropaida  (Chelonia  and  Croco- 
dilia)  the  body  cuvlty  is  in  communication 
with  the  exterior  by  a  pair  of  pores,  known 
Tr,„  osi      o.    ,»  M  abdominal  pores,  the  external  open- 

Fio.  351,      SectIOb  thbouoh  ^       i.-  i.  n         -.      ^    j    ■        i. 

TBETBVNtor  aScilliuiibkbbyo     ^"?fi  ^'  wbich  are  usually  situated  m  the 
IN  98  F.  .cloaca'. 

;  W.  white 

z. aab-notoehordal  rod;  i 


The  ontogeny  of  these  pores  has  as  yet 
been  but  very  slightly  investigated.     In  the 
Lamprey  they  are  formed  as  apertures  lead- 
mp,mn8drpla'u"mp'"'i^n^lB3^r      '"g;  fro'"  t^e  body  cavity  into  the  excretory 
of  muBcle.plftte  already  conTerled      section  of  the  primitive  cli '"''■■"  — *■■ — 


into  maacleg ;    Vr.  rudiment  of 


This  section 
lid  appear  from  Scott's  (No.  87)  observa- 


■pifalTalve;r.aubintMtiiial»e:n;     'jl«'t»c  cloacal   section   of  the  alimentary 
f.o.  primitive  generative  cells.  tract. 
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>utwarila  of  the  generj- 
e  of  the  lew  T«l«!<»4t*?i 


Iq  all  other  cana^  lliey  are  f»rineii  in  a  re^iuii  whii/h  appears  to  heloj); 
to  the  e|>iblHBtic  region  of  tiie  clnuca  ;  and  from  my  ubservatioDS  on  Blaa- 
mobitiiiclis  it  may  be  certainly  coucluiied  that  they  tire  formed  thara 
in  tbJH  gi'iup.  Tliey  may  appeiir  as  perforations  (1)  at  the  apices  of 
papillifoi'm  prolougatioos  of  the  body  cavity,  or  (2)  at  the  eiidii  of  cloaoat 
pits  directed  fnim  the  oxtenor  towards  the  body  cavity,  or  (3)  us  simple 
slit-like  openings. 

Considering  iheditference  in  (Ic.vplupment  hetwi 
of  most  typen,  and  those  of  the  CyclostomatA,  it  in 
the^^e  two  types  of  pores  Hre  strictly  honiologouH. 

Ill  the  CycloatoniatA  they  serve  for  the  passuse 
tive  products,  and  they  also  have  this  function  in  ai 
in  which  they  are  found  ;  and  Gegenbaur  and  Bridge  hold  that  the  priuii- 
tive  mode  of  exit  of  the  generative  products,  prior  to  the  development 
of  the   Milllerian   ducts,  was  probably  by   means   of  these  pores.      I   have 
elsewhere  suggested  thut  the  abdominal  poies 
are  peihaps   remuauta   of  the  ujieuings   of 
segmental  tubes ;   there   does  not  however 
appear  to  be  any  definite  evidence  in  favonr 
of  this  view,  and  it  is  more  probable  that 
they  may  have  arisen  as  simple  perforations 
of  the  body  wall. 

Pericardial  cavity,  pleural  cavities, 
and  diaphragm.  In  all  Vertebrate  the 
heart  is  at  first  placed  in  the  body  cavity 
(fig,  353  A),  but  the  part  of  the  boily  cavity 
containing  it  afterwards  becomea  sepa- 
rated as  a  distinct  cavity  known  as  the  ' 
pericardial  cavity.  JnElasmubranchii, 
Acipenser,  etc.  a  passage  is  however  left 
between  the  pericardial  cavity  and  the 
biMiycavity;  and  in  the  l.ampreya  sepa- 
ration between  the  two  cavities  dees  not 
occur  during  the  Ammoctete  stage. 

In  Elajioiobrancliii  the  pericardial 
cavity  becomes  established  as  a  distinct 
space  in  front  of  the  body  cavity  in  the 
following  way.  When  the  two  ductus 
Cuvieri,  leading  transversely  from  the 
sinus  venosuii  to  the  cardinal  veins,  be- 
come developed,  a  horizontal  aeptutn, 
shewn  on  the  right  side  in  fig.  352.  is 
formed  tu  support  them,  stretching  across 
from  the  splanchnic  to  the  somatic  side 
.  of  the  body  cavity,  and  dividing  the  body 
cavity  (rig,  352)  in  this  part  into  (1)  a 
dorsal  st-ction  formed  of  a  right  and  left 
division  constituting  the  true  body  cavity 


Fio.  862.     Section 


«28F. 

The  figure  shews  the  eepam- 
tioQ  ot  the  body  osvitj  from  the 
perioardiitl  caTity  by  a  horizontal 
septum  in  whioh  iuub  the  dnctua 
CoTieri;  on  the  left  side  ie  seen 
the  nanov  pasuige  irlttch  remains 
connecting  the  two  cavities. 

Mp.c.  apinal  c»Dal ;  Jr.  white 
matter  of  fpinal  coid  ;  <pr.  com- 
miunre  connecting  the  posterior 
nerve-roots;  ch.  nntochord;  x. 
Bob-notoohordal  rod  ;  ao.  aorta  ; 
lu.  sicae  veuosue  ;  cav.  oardiaal 
vein  ;  ht.  heart;  pp.  body  cavity : 
pc.  pericftrd'al  cavity;  at.  solid 
cBBOphagtia  ;  t.  liver:  mp.  muacle- 
plate. 

33— :( 
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ipp),  and  (2)  a  ventral  part  the  pericardial  cavity  (pc).  Tlie  septum 
is  at  first  of  a  very  small  tongitudinal  extent,  so  that  both  in  front 
and  behind  it  (fig.  352  on  the  left  -side)  the  dorsal  and  ventral 
BectioDS  of  the  body  cavity  are  in  free  communication.  The  septum  . 
soon  however  becomes  prolonged,  and  ceasing  to  be  quite  horizontal, 
is  directed  obliquely  upwards  and  forwards  till  it  meets  the  dorsal 
wall  of  the  body.  Anteriorly  all  communication  is  thus  early  shut 
off  between  the  body  cavity  and  the  pericardial  cavity,  but  the  two 
cavities  still   open  freely  into  each  other  behind. 

The  front  part  of  the  body  cavity,  lying  dorsal  to  the  pericardial 
cavity,  becomes  gradually  narrowed,  and  is  wholly  obliterated  long 
before  the  close  of  embryonic  life,  so  that  in  adult  Elasmobrancb 
Fishes  there  is  no  section  of  the  body  cavity  dorsal  to  the  pericardial 
cavity.  The  septum  dividing  the  body  cavity  from  the  pericardial 
cavity  is  prolonged  backwards,  till  it  meets  the  ventral  wall  of  the  body 
at  the  point  where  the  liver  is  attached  by  its  ventral  mesentery 
(falciform  ligament).  In  this  way  the  pericardial  cavity  becomes 
completely  shut  off  from  the  body  cavity,  except,  it  would  seem,  for 
the  narrow  communications  found  in  tlie  adult.  The  origin  of  these 
communications  has  not  however  been  satisfactorily  worked  out. 

The  septum  between  the  pericardial  cavity  and  the  body  cavity  b 
attached  on  its  dorsal  aspect  to  tie  liver.  It  is  at  first  nearly  hori- 
zontal, but  gradually  assumes  a  more  vertical  position,  and  then, 
owing  to  the  obliteration  of  the  primitive  anterior  part  of  the  body 
cavity,  appears  to  mark  the  front  boundary  of  the  body  cavity.  Tbe 
above  description  of  the  mode  of  formation  of  the  pericardial  cavity, 
aud  the  explanation  of  its  relations  to  the  body  cavity,  probably  holds 
true  for  Fishes  generally. 

In  the  higher  types  the  earlier  changes  are  precisely  the  same  as 
those  in  Elasmobranch  Fishes.  The  heart  is  at  first  placed  within 
the  body  cavity  attached  to  the  ventral  wall  of  the  gut  by  a  meso- 
cardium  (fig.  353  A).  A  horizontal  septum  is  then  formed,  in  which 
the  ductus  Cnvieri  are  placed,  dividing  the  body  cavity  for  a  short 
distance  into  a  dorsal  (pp)  and  ventral  {pc)  section  (fig.  353  B).  In 
Birds  and  Mammals,  and  probably  also  in  Reptilia,  the  ventral  and 
dorsal  parts  of  the  body  cavity  are  at  first  in  free  communication 
both  in  front  of  and  behind  this  septum.  This  is  shewn  for  the 
Ohick  in  fig.  353  A  and  B,  which  are  sections  of  the  same  chick, 
A  being  a  little  in  front  of  B.  The  septum  ia  soon  continued  for- 
wards so  as  completely  to  separate  the  ventral  pericardial  and  the 
dorsal  body  cavity  in  front,  the  pericardial  cavity  extending  at  this 
period  considerably  further  forwards  than  the  body  cavity. 

Since  the  horizontal  septum,  by  its  mode  of  origin,  is  necessarily 
attached  to  the  ventral  side  of  the  gut,  the  dorsal  part  of  the  primitive 
body  space  is  divided  into  two  halves  by  a  niecfian  vertical  septum 
formed  of  the  gut  and  its  mesentery  (fig.  353  B).  Posteriorly  the 
horizontal  septum  grows  in  a  slightly  ventral  direction  along  the 
nnder  surface  of  the  liver  (fig.  354),  till  it  meets  the  abdominal  wall 
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of  the  body  at  tlie  insertion  of  the  falciform  ligament,  and  thua 
completely  shuts  off  the  pericardial  cavity  irom  the  body  cavity. 
The  Horizontal  septum  forms,  as  is  obvious  from  the  above  description, 
the  dorsal  wall  of  the  pericardial  cavity'. 

With  the  complete  separation  of  the  pericardial  cavity  from  the 
body  cavity,  the  iirat  period  in  the  development  of  these  parts  is 
completed,  and  the  relations  of  the  body  cavity  to  the  pericardial 
cavity  become  precisely  those  found  in  the  embryos  of  Elasmo- 
brancbii.  The  later  changes  are  however  very  difl'erent.  Whereas 
in  Fishes  the  right  and  left  sections  of  the  body  cavity  dorsal  to  the 
pericardial  cavity  soon  atrophy,  in  the  higher  types,  in  correlation 
with  the  relatively  backward  situation  of  the  heart,  they  rapidly 
become  larger,  and  receive  the  lungs  which  soon  sprout  out  from  the 
throat. 

The  diverticula  which  form  the  lungs  grow  out  into  the  splanchnic 
mesoblast,  iu  front  of  the  body  cavity ;  but  as  they  grow,  they  extend 
into  the  two  anterior  compartments  of  the  body  cavity,  each  attached 


1  Cb:cb   bmbbyo  «ith  twb>iti.on« 


pp.  body  oivitj ;  pe.  perioardial  cavity ;  al.  slimentaiy  Oftvity ;  au.  anricle ;  v.  ven- 
tricle; n.  sinus  venoBUB;  dc.  ductus  Curieri;  no.  aorta;  mp.  muscle-plate ;  tiic. 
medollai;  cord. 

'  KSllikar'a  account  of  this  septum,  vhicb  be  calls  the  mesooardium  laterale  (No. 
198,  p.  395),  would  seem  to  imply  that  in  MammaU  it  ia  completed  poBteriorly  even 
before  the  formation  of  the  liver.  I  doubt  whether  this  takeB  place  quite  io  early  aa 
he  implies,  but  have  not  yet  determined  its  exact  period  hy  ray  own  obeervations. 
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by  its  mesentery  to  the  mesentery  of  tlie  gut  (fig.  354  Iff).  They  soon 
mrreover  extend  beyond  the  region 
of  the  pericardium  into  the  undivided 
body  cavity  behind.  This  holds  not 
only  for  the  enibrjoB  of  the  Amphibia 
and  Sauropsida,  but  also  for  those  of 
Mammalia. 

To  understand  the  further  changes 
in  the  pericardial  cavity  it  is  necessary 
to  bear  in  mind  its  relations  to  the 
adjoining  parts.  It  lies  at  this  period 
completely  ventral  to  the  two  anterior 
prolongations  of  the  body  cavity  con- 
tainingthe  lungs  (fig.  3o4).  Its  dorsal 
wall  is  attached  to  the  gut,  and  is  con- 
tinuous with  the  mesentery  of  the  gut 
passing  to  the  dorsal  abdominal  wall, 
tbrmiug  the  posterior  mediastinum  of 
human  anatomy. 
ar  The    changes   which    next  ensue 

:«  consist  essentially  in  the  enlargement 
"*  "^  ^^^  sections  of  tlie  body  cavity 
fe.°herrtrpV.'perioardial  cft«ty;  ^"P*^'  *°  ^^^  pericardial  cavity.  This 
-..  alimentary  tract;  tg.  lung;  I.  unlaigetnent  takes  place  partly  by  the 
['_T_',ff':„'^?  l"^"''' ."1.^:  .^■'  elongation  of  the  posterior  medias- 
tinum, hut  still  more  by  the  two  di- 
visions of  the  body  cavity  which  con- 
tain the  lungs  extending  themselves 
ventraliy  round  the  outside  of  the 
pericardial  cavity.  This  process  is  illustrated  by  fig.  355,  taken  from 
an  embryo  Rabbit.  The  two  dorsal  sections  of  the  body  cavity  (pl.p) 
finally  extend  so  as  completely  to  envelope  the  pericardial  cavity 
{pc),  remaining  however  separated  from  each  other  below  by  a 
lamina  extending  from  the  ventral  wall  of  the  pericardial  cavity  to 
the  body  wall,  which  forms  the  anterior  mediastinum  of  human 
anatomy. 

By  these  changes  the  pericardial  cavity  is  converted  into  a  closed 
bag,  completely  surrounded  at  its  sides  by  the  two  lateral  halves  of 
the  body  cavity,  which  were  primitively  placed  dorsally  to  it.  These 
two  sections  of  the  body  cavity,  which  in  Amphibia  and  Sauropsida 
remain  m  free  communication  with  the  undivided  peritoneal  cavity 
behmd,  may,  from  the  fact  of  their  containing  the  lun-'s,  be  calletl 
the  pleural  cavities.  ° 

In  Manjmalia  a  further  change  takes  place,  in  that,  by  the  forma- 
tion of  a  vertical  partition  across  the  body  cavity,  known  as  the 
diaphragm,  the  pleural  CHvities,  containing  the  lungs,  become  iso- 
lated from  the  remainder  of  the  body  or  peritoneal  cavity.  As  shewn 
by  their  development  the  so-culled  pleura;  or  pleural  sacks  are  simply 


end  of  MuUerisn  dnct ;  icd.  Wolffian 
duct ;  ve.  yen  a  cava  ioferior ;  do. 
aorta;  eh. notochord;  nie. meduUnir}' 
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the  peritoneal  linings  of  the  anterior  divisions  of  the  body  cavity,  i 
shut  off  from  the  remainder  of  the  body  cavity  by  the  diaphragm.        I 


+ 


Flo.  8GS.    Sectioit  nmocaE  id  advanced  bubbyo  or  i  Rabbit  to  shew  how  t 


ht.  heart  ;p(!.  pericardial  cavity;  pl.p.  pleural  cavity;  Ig.  Inng  ;  of.  alimentarj' 
traut ;  oo.  doreal  aorta  ;  eh.  notochord  ;  rp.  rib  ;  it.  stemam  ;  tp.c.  spinal  cord. 

The  exact  mode  of  formation  of  the  diaphragm  is  not  fully  made  J 
out;  the  account  of  it  recently  given  by  Cadiat  (No.  491)  not  being  I 
in  my  opinion  completely  satisfactory. 

Bibliography, 

(491)  H.  Cadiat.  "Dn  d^veloppement  de  la  partie  c^phalothoraciqoe  de  I'eni 
bryoQ,  de  la  formation  du  diaphragtne.  dea  pleureg,  du  p^oarde,  dn  pharynx  et  di> 
rtasophage."    Journal  de  VAnatomie  tl  de  la  Fhyiiologit,  Tol.  xiv.  1378. 

Vascular  System. 
The  actual  observations  bearing  un  the  origin  of  the  vasculai' 
system,  using  the  term  to  include  the  lymphatic  system,  are  very 
scanty.  It  seems  probable,  mainly  it  must  be  admitted  on  d  priori 
grounds,  that  vascular  and  lymphatic  systems  have  oiiginatod  from 
the  conversion  of  indefinite  spaces,  primitively  situated  in  the  general 
connective  tissue,  into  definite  channels.  It  is  quite  certain  that 
vascular  systems  have  arisen  independently  in  many  types ;  a  very 
striking  case  of  the  kind  being  the  development  in  certain  parasitic 
Copepoda  of  a  closed  system  of  vessels  with  a  red  uon-corpusculated 
blood  (£.  van  Beneden,  Heider],  not  found  in  any  other  Crustacea. 
Parts  of  vascular  systems  appear  to  have  arisen  in  some  cases  by  a 
canalizaUon  of  cells. 
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The  blood  Bystems  may  either  be  closed  or  comnmnicate  with 
the  body  cavity.  Id  cases  where  the  primitive  body  cavity  ia  atro- 
phied or  mrtially  broken  up  into  separate  compartments  (Insecta, 
Mollusca,  Diacophora,  etc.)  a  free  communication  between  the  vas- 
cular system  and  the  body  cavity  is  usually  present ;  but  in  these 
caeea  the  communication  ia  no  doubt  secondary.  On  the  whole  it 
would  seem  probable  that  the  vascular  system  has  in  most  instances 
arisen  independently  of  the  body  cavity,  at  least  in  types  where  the 
body  cavity  is  present  in  a  well-developed  condition.  As  pointed 
out  by  the  Hertwigs,  a  vascular  system  is  always  absent  where  there 
is  not  a  considerable  development  of  connective  tissue. 

As  to  tbe  ontogeny  of  the  vascular  channels  there  ia  atill  much  to  be 
made  out  both  in  Vertebrate  and  Invertebrates. 

The  smaller  channels  often  viae  by  a  canalization  of  cella  This  process 
has  been  satiafactorilv  atudied  by  Laokeater  in  the  Leech ',  and  may  eaaily 
be  observed  in  the  blastodei-m  of  the  Chick  or  in  the  epiploon  of  a  newly 
l.'orn  Babbit  (Schiifer,  Kanvier).  In  either  case  the  vessels  arise  from  a  net- 
work of  cells,  the  superficial  protoplasm  and  part  of  the  nuclei  giving  lue 
to  the  walls,  and  the  blood  corpuaclea  being  derived  either  from  nucleated 
masses  set  free  within  the  vesatls  (the  Chick)  or  from  blood  corpuscles 
directly  differentiated  in  thtj  axes  of  the  cells  (Mammals). 

Larger  veaaels  would  seem  to  be  formed  from  solid  cords  of  cells,  the 
central  cells  becoming  converted  into  the  ooipuecles,  and  the  peripheral  cells 
constituting  the  walls.  This  mode  of  foi'mation  has  been  observed  by 
myself  in  tbe  case  of  the  Spider's  heart,  and  by  other  observers  in  other 
Invertebrata.  In  the  Vertebrata  a  more  or  less  similar  mode  of  fonnatiun 
appears  to  hold  good  for  the  larger  veiiBels,  but  further  investigations  are 
still  required  on  this  subject.  Ubtt«  finds  thitt  in  the  Frog  the  lai^r 
vessels  are  formed  as  longitudinal  spaces,  and  that  the  walla  are  derived 
from  the  indifi^erent  cells  bounding  these  spaces,  which  become  flattened 
and  united  into  a  oontinuouB  layer. 

Tbe  early  formation  of  vessels  in  the  Vertebrata  takes  place  in  tbe 
splanchnic  meaoblaat ;  but  this  appears  due  to  the  fact  that  the  circula- 
tion is  at  first  mainly  confiued  to  the  vitelline  region,  which  is  covered 
by  aplanchnic  mesoblHst, 

The  HeaH. 
The  heart  is  essentially  formed  as  a  tubular  cavity  in  the 
splanchnic  mesoblast,  on  the  ventral  side  of  the  throat,  immediately 
behind  the  region  of  tbe  visceral  clefts.  The  walls  of  this  cavity  are 
formed  of  two  layers,  an  outer  thicker  layer,  which  has  at  first  only 
the  form  of  a  half  tube,  being  incomplete  on  its  dorsal  aide  ;  and  an 
inner  lamina  formed  of  delicate  flattened  cells.  The  latter  is  the 
epithelioid  lining  of  the  heart,  and  the  cavity  it  contains  the  true 
cavity  of  the  heart.  The  outer  layer  gives  rise  to  the  musculaj-  wall 
1 1\  and  peritoneal  covering  of  tiie  heart.     Though  at  first  it  has  only  the 

a  of  the  Leech."     Quart.  J.  af  Slier.  Sdrnce, 
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form  of  a  Ijalf  tube  (fig.  356),  it  soon  becomes  fulded  id  on  the  Horsal 
side  BO  as  to  form  lor  the  heart  a  complete  muscular  wall.  Its  two 
sides,  after  thus  meeting  tu  complete  the 
tube  of  the  heart,  remain  at  first  con- 
tinuous with  the  splanchnic  mesoblust 
surrounding  the  throat,  an<l  form  a  pro- 
visional mesentery — the  mesocardium — 
which  attaches  the  heart  to  the  ventral 
wall  of  the  throat.  The  superficial 
stratum  of  the  wall  of  the  heart  differ- 
entiates itself  as  the  peritoneal  covering. 
The  inner  epithelioid  tube  takes  its 
origin  at  the  time  when  the  general 
cavity  of  the  heart  is  being  formed  by 
the  separation  of  the  splanchnic  ineso- 
blast  from  the  hypoblast.  During  this 
process  (fig.  357j  a  layer  of  mesoblast 
remains  close  to  the  hypoblast,  but  con- 
nected with  the  main  mass  of  the  meso- 
blast    by    protoplasmic    processes. 

second  layer  next   becomes   split   from     ,pu^;h„'rm.^UBr 
the  splanchnic  mesoblast,  connected  with     matic  meBobloat ;  hi.  bettrt. 
.  the  first  layer  by  the  above-mentioned 

fnotoplasmic  processes.     These  two  layers  form  t-ogether  the  epithe- 
ioid  lining  of  the  heart ;  between  them  is  the  cavity  of  the  heart. 


E*— .X6.      3(CTI0H   T 
TRE  CiiVELOPtNa   BEARI  OF  AN    VM 

4  Elabuobbanch  (Pri>< 
tiarua). 

BlimentarT 


FlO.  337.       TRAKaVURBE    B 


;   rf.  epiblast; 


..J.  IiiDd-brain;  vg.  Tapufl  nerve;  ey.  epiblast;  eft.  notoohord;  j.  thiokening  of 
hypoblsHt  (possibly  a  rndiment  of  the  Bnb-notoohordal  rod);  of.  throat;  kt.  heart; 
fp.  bodycavitj;  to.  somalic  meBubknt;  «/■  splancluiic  mesoblast ;  hy.  hypobUat 
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which  sooQ  loses  the  protoplasmic  trabecule  which  at  first  traverse 
it.  The  cavity  of  the  heart  may  thus  be  described  as  being  formed 
by  a  hollowing  out  of  the  aplaochnic  mesoblast,  and  resembles  is  its 
mode  uf  origin  that  of  other  large  vascular  trunks. 

The  above  description  applies  only  to  the  development  of  the 
heart  in  those  types  in  which  it  is  formed  at  a  period  after  the 
throat  has  become  a  cloned  tube  (Elasmobranchii,  Amphibia,  Cyclo- 
stomata.  Ganoids  (?)).  In  a  number  of  other  cases,  in  which  the 
heart  is  formed  before  the  couversion  of  the  throat  into  a  closed 
tube,  of  which  the  most  notable  is  that  of  Mammals  (Heoseu,  Gotte, 
Kelliker),  the  heart  arises  ns  two  independent  tubes  [fig.  358),  which 
eventually  coalesce  into  an  unpaired  structure. 

Ill  Mammals  the  two  tubes  out  of  which  the  heart  is  formed  appear  at 
f  the  sides  of  the  cephalic  plates,  appii><ite  the  region  of  the  mid-  aud  liiud- 
bntin  (tig.  358).  They  arise  at  a  time  when  the  luteml  folds  which  form 
the  ventral  wall  of  the  throat  are  only  just  becoming  visible.  Each  half  of 
the  heart  originates  i[i  the  satue  way  as  the  whole  heart  in  Elasmobranchil, 
etc.;  and  the  layer  of  the  splancbuiu  mesoblast,  which  forms  the  muscular 
wall  for  each  part  (o/*A),  has  at  first  the  form  of  a  half  tube  open  below  to 
the  hypoblast. 

On  the  formation  of  the  lateral  folds  of  the  splanchnic  walls,  the  two 
halves  of  the  heart  become  carried  inwards  and  downwards,  and  eventually 


Fia.  S5E.    Tbiinsvbbbb  BSonoN  throdoh  thi  bud  of  i  Ribbii  or  thi  autx 
AOK  AS  no.  14*  B.     (From  KOUiker.) 
B  is  a  more  highly  magiufled  representation  of  part  of  A. 
rf.  mediillai7  groove;    mp.   medulla^  plate;     ru.   meduUai;  fold;    K  epiblaat; 
dd.  h;poblaat;  ifil'.  ootochordal  tliickanlDg  of  hypoblast;   ap.  nndivided  meaoblaat; 
Ap.  aomalio  meeoblast ;   dfp.  Bplanohnic  meaotilast ;  ph.  perioaxdial  Beotiou  of  body- 
cavity;    ahK  muscular  wall  of  heart;    ihh.  epithdioid  layer  of  heart;    nut.  lateral 
undivided  mesoblasl ;  no.  part  of  the  hypoblast  vhich  will  foim  Out  ventral  wall  of 
the  pharynx. 
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meet  on  the  ventral  side  of  the  throat.      Fur  a  short  time  they  here  remain 
distinct,  but  soon  coalesce  into  a  Hiiigle  tiil>e. 

In  Birds,  as  in  Mumnitila,  the  heart  makes  its  a[)pearatice  as  two  tubes, 
but  arises  at  a  jieiiod  when  the  formntion  of  the  throat  is  very  much  more  ■ 
Hdvuncc-d  than  iu  the  cose  of  Maminula.  The  heart  ariaua  immediately 
behind  the  point  u[)  to  which  the  ventral  wall  of  the  thioat  is  establinhed 
and  thua  has  at  tirat  a  A-uhaped  faim.  At  the  B\mx  of  the  A  ,  whicli  forms 
the  anterior  end  of  the  heart,  the  two  halves  are  in  contact  (fig.  357), 
though  tliey  have  not  coalesced ;  while  behind  they  divei-jfe  to  be  continued 
as  the  vitelline  veins.  As  the  folding  in  of  the  throat  is  continued  back- 
wards the  two  liniba  of  tlie  heait  are  brought  together  and  soon  coalesce 
from  before  backwards  into  a  single  structure.  Fig.  36U  A  and  Bshewathe 
heart  during  this  jiroi^ess.  The  two  halves  have  coalesced  anteriorly  (A) 
but  are  still  widely  separated  behind  (B).  In  Teleostei  the  heart  is  formed 
as  in  Bii-ds  and  Mammub  by  the  coalescence  of  two  tubes,  and  it  aiises 
bel'ore  the  formation  of  the  thi-oat. 


nc.  uotochord;  E.  epiblaat;  lO.  Bomatopleure;  tp.  BptaactanopUur 
;  hg.  hj'poblasl;  hi.  heart;  of.  yitplline  veinn. 
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The  fuct  that  the  heart  arises  in  so  many  ioatances  as  a  double 
tube  might  lead  to  the  auppositioa  that  the  ancestral  Vertebrate  Lad 
two  tubes  in  the  place  of  the  present  unpaired  heart. 

The  following  considerations  appear  to  me  to  prove  that  this  con- 
clusion cannot  be  accepted.  ]f  the  folding  iu  of  the  splanchnopieure 
to  form  the  throat  were  deferred  relatively  to  the  formation  of  the 
heart,  it  is  clear  that  a  modification  in  the  development  of  the  heart 
would  occur,  in  that  the  two  halves  of  the  heart  would  necessarily  be 
formed  widely  apart,  and  only  eventually  united  on  the  folding  in  of 
the  wall  of  the  throat.  It  is  therefore  possible  to  explain  the  double 
formation  of  the  heart  without  having  recourse  to  the  above  hypo- 
thesis of  an  ancestral  Vertebrate  with  two  hearts.  If  the  explanation 
just  suggested  is  the  true  one  the  heart  should  only  be  formed  as 
two  tubes  when  it  arises  prior  to  the  formation  of  the  throat,  and  as 
a  single  tube  when  formed  after  the  formation  of  the  throat.  Since 
this  is  invariably  found  to  be  so,  it  may  be  safely  concluded  that  the 
formation  of  the  heart  as  two  cavities  is  a  secondary  tncde  of  develop- 
ment, which  has  been  biwght  about  by  variatiojis  in  the  period  of  die 
closing  in  of  the  wall  of  the  throat. 

The  heart  arises  continuously  with  the  sinus  venosus,  which  in 
the  Amniotic  Vertebrata  is  directly  continued  into  the  vitelline 
veins.  Though  at  first  it  ends  blindly  in  front,  it  is  very  soon  con-  ■ 
nected  with  the  foremost  aortic  arches. 

The  simple  tubular  heart,  connected  as  above  described,  grows 
more  rapidly  than  the  chamber  in  which  it  is  contained,  and  is  soon 
doubled  upon  itself,  acquiring  in  this  way  an  SS-shaped  curvature, 
the  posterior  portion  being  placed  dorsally,and  the  anterior  ventratly. 
A  constriction  soon  appears  between  the  dorsal  and  ventnJ  portions. 

The  doi-sal  section  becomes  partially  divided  off  behind  from  the 
sinus  venosus,  and  constitutes  the  relatively  thin-walled  auricular 
section  of  the  heart ;  while  the  ventral  portion,  after  becoming  distinct 
anteriorly  from  a  portion  continued  forwards  from  it  to  the  origin  of 
the  branchial  arteries,  which  may  be  called  the  truncus  arteriosus, 
acquires  very  thick  spongy  muscular  walls,  and  becomes  the  ven- 
tricular division  of  the  heart. 

The  further  chauges  in  the  heart  are  but  slight  in  the  case  of  the  Fificew. 
A  pair  of  simple  membranoua  valves  becomes  established  at  the  auriculo- 
ventricular  orifice,  and  further  changes  take  place  iu  the  truncus  artenuana. 
This  part  becomes  divided  iu  Elasmobranchii,  Qauoidei,  and  Dipnoi  into  a 
posterior  section,  called  the  conus  arteriosua,  provided  with  a  series  of 
transverse  rows  of  valves,  and  an  anterior  section,  called  the  bulbus 
arterioBUB,  not  provided  wich  valves,  and  leading  into  the  branchial 
arteries.  In  most  TeleoHtei  (except  Butirinus  and  a.  few  other  forins)  the 
conus  arteriosus  is  all  but  obliterated,  and  the  anterior  row  of  its  valves 
alone  preserved ;  and  the  bulbns  is  very  much  unlarged'. 

'  Vide  Oegenbaur,  "  Znr  veigleicb.  Anat.  d.  Herzene."  JenaUcke  Zeit.,  Vol,  n. 
1B66,  Bad  Ua  recent  importaDt  observatioDs,  J.  E.  V.  Boas,  "TJ«b.  Hen  n.  Aitcrien- 
bogen  liei  Ceratoden  n.  Protoptania,"  and  *'  Uebw  d.  oodub  arUr.  b.  BuUriniM,  etc.," 

Murpkai.  Jahrb.,  Vol.  vl.  1880. 
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In  the  Dipnoi  important  changes  in  ttie  lieart  are  effected,  as  compared 
with  othei-  Fishes,  by  the  development  of  ti-ue  lungs.  Both  the  auricular 
and  ventricular  chamber  may  be  imperfectly  dlt'ided  into  two,  and  in  the 
conuB  a  partial  longitudinal  septum  is  developed  in  connection  with  a 
longitudinal  row  of  valves '. 

In  Amphibia  the  heari.  is  in  many  respects  similar  to  that  of  the  Dipnoi. 
Its  curvature  is  rather  that  of  a  screw  than  of  a  simple  S.  The  trnncns 
arteriosus  lies  to  the  left,  and  is  continued  into  the  ventricle  which  lies 
ventrally  and  more  to  the  right,  and  this  again  into  the  dontally  placed 
auricular  section. 

After  the  heart  has  reached  the  piscine  stage,  the  auriculnr  section 
(Bombioator)  becomes  prolonged  into  a  right  and  left  auriculiir  appendage. 
A  septum  nest  grows  from  the  roof  of  the  auricular  portion  of  ^e  heart 
obliquely  backwards  and  towards  the  left,  and  divides  it  in  two  cham- 
bers ;  the  right  one  of  which  remains  continuous  with  the  sinus  veuosus, 
while  the  left  one  is  completely  shut  off  from  the  sinus,  though  it  soon 
enters  into  communication  with  the  newly  established  pulmonary  veins. 
Tlie  tnincus  arteriosus*  is  divided  into  a  posterior  contu  aTterioeu*  (pylan- 
gium)  and  an  anterior  biUhut  (synangium).  The  former  is  provided  with  a 
proximal  row  of  valves  at  its  ventricular  end,  and  a  distal  row  at  it«  anterior 
end  neai'  the  bulbus.  It  is  also  provided  with  a  longitudinal  septum,  which 
is  no  doubt  homologous  with  the  septum  in  the  conns  arteriosus  of  the 
.  Dipnoi.  The  bulbus  is  well  developed  in  many  Urodela,  but  hardly  exists 
in  the  Anura. 

In  the  Amniota  further  changes  take  place  in  the  heart,  result- 
ing in  the  ahortion  of  the  distal  rows  of  valves  of  the  conus  arteriosus', 
and  in  the  splitting  up  of  the  whole  Ivuncus  arteriosus  into  three  ves- 
sels in  Reptilia,  and  two  in  Birds  and  Mammals,  each  opening  into 
the'  ventricular  section  of  the  lieart,  and  provided  with  a  special  set 
of  valves  at  its  commencement.  In  Birds  and  Slammala  the  ventricle 
becomes  moreover  completely  divided  into  two  chambers,  each  com- 
municating with  one  of  the  divisions  of  the  primitive  tnincus,  known 
in  the  higher  types  as  the  systemic  and  pulmonary  aortie.  The 
character  of  the  development  of  the  heart  in  the  Amniota  will  be 
best  understood  from  a  description  of  what  takes  place  in  the  Chick. 

In  Birds  the  originally  straight  heart  (tig.  109)  soon  becomes  doubled 
up  upon  itself.  The  ventiicular  portion  becomes  placed  on  the  veuti'al  and 
right  side,  while  the  auricular  section  is  dorsal  and  to  the  left  The  two 
parts  are  separated  from  each  other  by  a  slight  constriction  known  as  the 
canalis  auiicularis.  Anteriorly  the  ventricular  cavity  is  continued  into  the 
trunous,  and  the  venous  or  auricular  portion  of  the  heart  is  similarly  con- 

'  Boas  bolda  that  the  longitudinal  aeptnm  is  formed  by  the  coalescence  of  a  tow  of 
lungitudiunl  valies,  but  this  is  opposed  to  Lankegter's  statements,  "Ou  the  hearts  oF 
Ceratodns,  Protoptems  and  Chimsra,"  eto.     Zool.  Trana.  Vol.  i.  IBTQ. 

■  For  a  good  description  of  the  ^olt  heart  vidt  Euile;,  irtiole  "Ampbibia,"  in 
the  tincyclopadia  liritannica. 

'  It  IB  juBt  possible  that  the  reverse  maj  be  true,  vide  note  on  p.  636.  If  however, 
as  is  most  probable,  the  statemeiit  in  the  text  is  correct,  tbe  valves  at  the  mouth  of 
[he  ventricle  in  Teleoslei  are  not  homologons  with  those  of  the  Amniota ;  the  former 
being  the  distal  row  of  the  valves  of  the  coans,  the  latter  the  proximal. 
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nected  behind  witU  the  sinun  veoosua.  The  auricular  apficndages  grow  out 
from  the  auricle  at  a  very  early  period.  The  general  appearance  of  the  heart, 
aa  seen  from  the  ventral  aide  on  the  fourth  day,  is  shewn  in  fig.  360,  Ai- 
though  the  external  divisions  of  the  heart  are  well  marked  evt^n  before 
this  stage,  it  Ls  not  till  the  end  of  the  third  day  that  the  internal  partitions 
become  apparent;  and,  contrary  to  what  might  have  been  anticipated  from 
the  evolution  of  these  parts  in  the  lower  tyi>es,  the  ventricidar  septum 
ia  the  first  to  be  established. 

It  commenct^B  on  Che  third  day  as  a  crescentic  ridge  nr  fold  springing 
from  the  convex  or  ventral  aide  of  the  rounded   ventricular  portion  of  the 
heart,  and  on  the  fourth  day  grows  i-apldly  acioss  the  ventricular  cavity 
towards  the  concave  or  dorsal  side.     It  thus  forms  on  incomplete  longitu- 
dinal partition,  extending  from  the  canolia  auricularia  to  the  commencement 
of  the  trunoue  arteriosus,  and  dividing  the  twisted  ventricular  tube  int« 
two  somewhat  curved  canals,  one  more 
to  the  left  and    above,    the  other   to 
)     ;    _  .  the  right  anri  below.     Theae  communi- 

cate  with  e«ch  other,  above  the  free 
edge  of  the  partition,  along  its  whole 
l.<L  length. 

Externally  the  ventricular  portion 

as  yet  shews  no  division  into  two  parts. 

By  the  fifth  day  the  venous  end  of 

the  heart,  though  still  lying  somewhat 

Fio.  860.    Heart  or  a  Cbiok  om      *"  *'^^  '^**  "^^  above,  is  placed  aa  far 

TSK  roDRTH  DAT  OP  iBODBATioK  THiWED     forwards  as  the  arterial  end,  the  whole 

vEOM  TBB  YBHTBAL  BCRrAcB.  orgau  appearing  to  be  drawn  together. 

l.a.  left  aoricular  nppendoge;  C.A.     The  ventricular  septum  is  complete. 
oanaliB  aaricularis ;     v.  ventricle ;    b.  The  apex  of  the  ventricles  becomes 

tranoaa  ortenosus.  ^^^  ^^^  ^^^    ^^^^       j^    ^j,^    ^^ 

ricular  poi-tion  a  small  longitudinal  fold 
appears  as  the  rudiment  of  the  auricular  septum,  while  in  the  caualis 
auricularis,  which  is  now  at  ita  gi'eatest  length,  there  is  also  to  be  seen 
a  commencement  of  the  valvular  structui'es  tending  to  separate  the  cavity 
of  the  auriclea  from  those  of  the  ventricles. 

About  the  ][06th  hour,  a  se[)tum  begins  to  make  its  appearance  in  the 
truncus  arteriosus  in  the  form  of  a  loa<;itudinal  fold,  which  according  to 
Tonge  (No.  495)  etarts  at  the  end  of  the  truncus  furthest  removed  from  the 
heart.  It  tukee  origin  from  the  wall  of  the  truncus  between  the  fourth  and 
fifth  pairs  of  arches,  and  grows  downwards  in  such  a  manner  as  to  divide 
the  truncus  into  two  channels,  one  of  which  leads  from  the  heart  to  the  third 
and  fourth  pairs  of  arches,  and  the  other  to  the  fifth  pair.  Ita  course  down- 
wards is  not  straight  but  spiral,  and  thus  the  two  channels  into  which  it 
divides  the  truncus  arteriosus  wind  spirally  the  one  round  the  other. 

At  the  time  when  the  septum  is  first  formed,  the  opening  of  the  truncus 
arteriosus  into  the  ventricles  is  na»row  or  slit-like,  apparently  in  order  to 
prevent  the  flow  of  the  blood  back  into  the  heart.  Soon  after  the  appear- 
ance of  the  septum,  however,  semilunar  valves  (Tonge,  No.  495)  are  deve- 
loped from  the  wall  of  that  portion  of  the  truncus  which  lies  betwe«n  the 
fi-ee  edge  of  the  septum  and  the  cavity  of  the  ventricles'. 

'  If  Tonge  is  correct  in  his  statement  that  the  Eemilnnar  vslven  develop  at  some 
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The  ventral  and  the  doraal  pairs  of  valves  are  the  first  to  appear:  the 
former  as  two  small  solid  prominences  sepanit«d  from  each  other  hj  a 
narrow  groove ;  the  latter  m  a  single  ridge,  in  the  centre  of  which  is  a 
promineuce  indicating  the  point  where  the  ritigo  will  subsequently  become 
divided  into  two.  The  outer  valves  appear  opposite  each  other,  at  »  con- 
siderably lat«r  |)eriod. 

Ab  the  septum  grows  downwards  to»ai-da  the  heart,  it  finally  reaohas 
the  position  of  these  valves.  One  of  ita  edges  then  passes  between  the  two 
ventral  valves,  and  the  other  unites  with  the  prominence  on  the  dorsal 
valvp-ridge.  At  the  same  time  the  growth  of  all  the  parts  causes  the 
valves  to  appear  to  approach  the  heart,  and  thus  to  be  placed  quite  at  the 
top  of  the  veatrioular  cavities.  The  free  edge  of  the  septum  of  the  truncus 
now  fuses  with  the  ventiicular  septum,  and  thus  the  divitdon  of  the  truocua 
into  two  separate  channels,  each  provided  with  three  valves,  and  each  oom- 
uiunicating  with  a  separatp  side  of  the  heart,  is  complete ;  the  position  of 
the  valves  not  being  very  diSerent  from  that  in  the  adult  heart. 

That  division  of  the  truncus  which  opens  into  the  fifth  pair  of  arches  is 
the  one  which  communicates  with  the  right  ventiicle,  while  that  which 
opens  into  the  third  and  fourth  pairs  communicates  with  the  tett  ventricle. 
The  former  becomes  the  pulmonary  artery,  the  latter  the  oommeDcement  of 
the  systemio  aorta. 

The  external  constriction  aotually  dividing  the  truncus  into  two  vessels 
does  not  begin  to  appear  till  the  septum  has  extended  some  way  hack 
towards  the  heart. 

The  semilunar  valves  become  pocketed  at  a  period  considerably  later 
than  their  &aA  formation  (from  the  147th  to  the  16fith  hoar)  in  the  order 
of  their  appearance. 


Via.  361.    Two  rnwB  or  thb  bbaxt  o 


k.  from  the  ventral,  B.  from  the  dorsal  aide. 
La.  ten  anricnlu  appoDdage ;  r.a.  right  antionlsi'  appendage ;  r.v.  right  veultiale ; 
Uv.  left  ventricle ;  b.  tmncoa  artciioBns. 

At  the  end  of  the  sixth  day,  and  even  on  the  fifth  day  (figs.  361  and 
362),  the  appearance  of  the  heart  itself,  without  reference  to  the  vesnels 
which  como  friim  it,  is  not  very  dissimilar  from  that  of  the  adult.    The 

diitance  from  the  month  of  the  ventricle,  it  wonld  seem  posuble  that  the  portion  of 
the  truucDS  betveeo  them  and  the  ventricle  ought  to  be  regarded  as  the  embryonic 
□onns  arterioBUB,  and  that  the  distal  row  of  values  of  the  conua  (and  not  the  proximal 
as  Bnggented  sbove.  p.  635)  has  bean  preserved  in  the  higher  (Tpes. 
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ori^iial  protuberance  to  the  right  now  forms  the  apex  of  the  ventricles, 

and  the  two  auricular  appendiigeB  are  placed  at  the  anterior  extremity  of 

the  heart.     The  most  noticeable  difference 

(in  the  Tcutnil  riew)  is  the  atill  externally 

undivided  condition   of  the   truuciis  arte- 

The  subsefjuent  changes  which  the  heai-t 
undergoes  are  concei'ned  mure  with  its  in- 
ternal Btnicture  \h.a.ti  with  its  external 
shape.  Indeed,  during  the  next  three  days, 
viz.  I^e  eighth,  ninth,  and  tenth,  the  ex- 
ternal form  of  the  heart  remnins  nearly  un- 
altered. 

In  the  auricular  portion,  however,  the 
aeptnm  which  commeiiced  on  the  fifth  day 
becomes  now  more  conspicuous.  It  is  placed 
l.a.  left  auricular  sppendage ;  vertically,  and  arisea  from  the  venti*l  wall  ; 
T.a.  right  aariciilar  appendage;  coDimeiiciug  at  the  canalis  auriciilaris  and 
r.o.  right  ventricle ;  l.v.  left  Ten-      pi'oceedicg    towards   the  opening    into   the 


This  latter  structure  gradually  becomes 
aborted  so  as  to  -  become  a  speciaJ  appendage  of  the  right  auricle.  The 
infeiior  vena  cava  enters  the  sinus  obliquely  from  the  right,  so  that  its 
blood  has  a  tendency  to  flow  towards  the  left  auricle  of  the  heart,  which 
is  at  this  time  the  larger  of  the  two. 

The  valves  between  the  Tentricles  and  auricles  are  now  well  developed, 
and  it  is  about  this  time  that  the  division  of  the  truucus  arteriosus  into  the 
aorta  and  pulmonary  ai-tery  becomes  visible  from  the  exterior. 

By  the  eleventh  to  the  thiilieenth  day  the  right  auricle  has  become  as 
large  as  the  left,  and  the  auricular  se|>tum  mii^  more  complete,  though 
there  is  still  a  small  opening,  the  foramen  ovale,  by  which  the  two  caviiirs 
communicate  with  each  other. 

The  most  important  feature  in  which  the  development  of  the  Reptilian 
heart  differs  from  that  of  Birds  is  the  division  of  the  truncus  into  thi-ee 
vessels,  instead  of  two.  The  three  vessels  remain  bound  up  in  a  comi|iou 
sheath;  and  appear  externally  as  a  single  trunk.  The  vessel  not  repre- 
sented in  Birds  is  that  which  is  continued  into  the  lelt  aortic  arch. 

In  Mammals  the  early  stages  in  the  development  of  the  heart  present 
no  important  points  of  diffeience  from  those  of  Aves.  The  septa  in  the 
truncus,  in  the  ventricular,  and  in  the  auricular  cavities  are  formed,  so  far 
lis  is  known,  in  the  same  way  and  at  the  same  relative  periods  in  both 
groups.  In  the  embryo  Jdan,  the  Babbit,  and  other  Mammals  the  division 
of  the  ventricles  ia  made  apparent  externally  by  a  deep  cleft,  which,  though 
evanescent  in  these  forms,  is  permanent  in  the  Dufcng. 

The  attachment  of  the  auriculo- ventricular  valves  to  the  wall  of  the 
ventricle,  and  the  similar  attachment  of  the  left  auriculo- ventricular  valves 
in  Birds,  have  been  es|K!cially  studied  by  Gfgenbaur  and  Bernavs  (No.  492), 
aud  deserve  to  be  noticed.  In  the  primitive  state  the  ventricular  walls 
have  throughout  a  spongy  character ;  and  the  auriculo- ventricular  valves  are 
simple  membranous  projections  like  the  anriculo- ventricular  valves  of  f  iahes. 
Soon  however  the  spongy  muscular  tissue    of  both  the  ventricular  aud 
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niiriciilar  walls,  which  at  fir^t  jhuw  ui)i)iteni]pte<lly  the  one  into  the  other, 
grows  into  the  bases  of  tlie  vHlvea,  which  thus  become  in  the  main  miisculai' 
projections  of  the  walla  of  the  heart.  Ah  the  wall  of  the  ventricle  thickens. 
the  moHCular  trabecule,  connectod  at  oae  end  with  the  valves,  remain  at  the 
other  end  united  with  the  ventriculHr  w&ll,  and  form  special  bands  passing 
between  the  two.  The  valves  on  the  other  hand  lose  their  muscular 
Httaohment  to  the  auricular  walls.  This  is  the  condition  permanent  in 
Omithorh]mchus.  In  hij^her  Mammalia  the  ends  of  the  muscular  bands 
inserted  into  the  valves  become  fibrous,  from  the  development  of  inter- 
muscular connective  tiiuiue,  and  the  atrophy  of  tlie  muscular  elements. 
The  fibrous  parts  now  form  the  chorda  tendiuMe,  and  the  muscular  the 
musculi  papil  lares. 

The  sinus  venoans  in  Mammals  becomes  completely  merged  into  the 
right  auiicle,  and  the  systemic  division  of  the  truncua  arteriosus  is  appa- 
rently not  homologous  with  that  in  Birds. 

Id  t))e  embryos  of  alt  the  Craniata.  the  heart  is  situated  very  far 
forwards  in  the  region  of  the  head.  This  position  is  retained  in  Pisnes. 
Id  Amphibia  the  heart  is  moved  further  back,  while  id  all  the 
Araniota  it  gradually  shifts  its  position  first  of  all  into  the  region 
of  the  neck  and  finally  passes  completely  within  the  thoracic  cavity. 
The  step  in  the  change  of  position  may  be  gathered  from  figs.  109, 
111,  and  118. 

BiBLioQBAPHT  of  tke  Heart. 

<49i1  A.  C.  Berna;s.  "EntwicklntigigeB^hichte  d-  AtrioventrionUrklappeii." 
MoTphol.  Jahrbueh.  Vol.  n.  1876. 

(493)  ^-  ('Asaer.  "  Ueber  d.  EnUtehung  d.  Herzene  beim  Hilhu."  Arrhiv  /. 
mikr.  Anat.,  VH.  iit. 

U9t)  ^-  Thomson.  "On  tha  deTelopraent  of  the  Tswiilar  syateni  nf  the  fffitnn 
o(  Vertebrated  Animals."    Edinb.  Nea  Pbit.  Jtmrnal,  Vol.  11.  IBSO  and  1881. 

Ugi)  M.  ToDge.  "  Obaerrationa  on  the  development  of  tbe  Bsmilnnar  valven 
of  the  aorta  and  palmonary  artery  of  the  heart  of  the  Chick."     Phil,  Tram.  clii.  1800. 

Vide  ako  Von  Baer  (jgi),  Sathka  (300).  HenBen  (i8i).  KOIliker  (19S),  OBtte  (196). 
and  Balfuar  (191]- 

Arierial  Sygtew. 

In  the  embryos  of  Vertebrata  the  arterial  system  consists  of  a 
forward  continuation  of  Uie  truncus  arteriosus,  on  the  ventral  side  of 
the  throat  (fig.  363,  ahr,  and  364,  a),  which,  with  a  few  exceptions 
to  be  noticed  helow,  divides  into  as  many  branches  on  each  side  as 
there  are  visceral  arches.  These  branches,  after  traversing  the  visceral 
arches,  unite  on  the  dorsal  side  of  the  throat  into  a  common  trunk  ou 
each  side.  This  trunk  (figs.  363  and  364)  after  giving  o£f  oDe  (or  more) 
vessels  to  the  head  (c'  and  0)  turns  backwards,  and  bends  in  towards 
the  middle  line,  close  to  its  fellow,  immediately  below  the  notochord 
(ligs.  21  and  116)  and  runs  backwards  in  this  situation  towards  the 
end  of  the  tail  The  two  parallel  trunks  below  the  notochord  fuse  very 
early  intoasiogle  trunk,  the  dorsal  aorta  (figs.  363,  ad,  and  364,  a"j. 
There  is  given  off  from  each  collecting  trunk  from  the  visceral 
arches,  or  from  the  commencement  of  the  dorsal  aorta,  a  subclnviaii 
B.  E.  H.  34 
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Fia.S6S.  DuoiuuiuTic 

or   IN    SlfBRIO   TkLEDSIEUI,    WIIB    IBB    PRIHI- 

tiv«  ¥ABCUi,iB  TBUSKS.    (From  Geganbaur.) 

a.  nariole;  v.  ventricle;  abr.  branobial 
artery ',  e'.  carotid ;  ad,  donal  aorta ;  i.  bran- 
chial «leftf;  Ml.  sinm 
Gavieri  (  n.  naeal  pit. 


artery  to  each  of  the  aoterior  limbs ;  from  Dear  the  anterior  end  of 
the  dorsal  aorta  a  vitelline 
artery  (or  before  the  dorsal 
aorta;  have  united  a  pair  of 
arteries  fig.  125,  Rq/'A  and 
L  ofX)  to  the  yolk-sack,  which 
subsequently  becomes  the  main 
visceral  artery';  and  from  the 
dorsal  aorta  oppwdte  the  hind 
limbs  one  (or  two)  arteries  on 
each  side — the  iliac  arteries — 
to  the  hind  limbs ;  from  these 
arteries  the  allantoic  arteries 
*-  ■  tiran.  ^"^  given  off  in  the  higher 
de.  duetoB  types,  which  remain  as  the 
hjrpogastric  arteries  after  the 
disappearance  of  the  allantotSL 
The  primitive  arrangement  of  the  arterial  trunks  is  with  a  few 
modifications  retained  in  Fishes.  With  the  development  of  the  giJla 
the  vessels  to  the  arches  become  divided  into  two  parts  connected 
by  a  capillary  system  in  the  gill  folds,  viz.  into  the  branchial  arteries 
bringing  the  blood  to  the  gills  from  the  truncus  arteriosus,  and  the 
branchi&l  veins  transporting  it  to  the  dorsal  aorta,  The  branchial  ves- 
sels to  those  arches  which  do  nut  bear  gills,  either  wholly  or  piirtially 
atrophy;  thus  in  Elasmobranchii  the  mandibular  trunk,  which  is  fully 
developed  in  the  embryo  (fig,  193,  \av),  atrophies,  except  for  a  smalt 
remnant  bringing  blood  to  the  rudimentary  gill  of  the  spiracle  from 
the  branchial  vein  of  the  hyoid  arch.  In  Qanoids  the  mandibular 
artery  atrophies,  but  the  hyoid  is  usually  preserved.  In  Teleostei  both 
mandibular'  and  hyoid  arteries  are  absent  in  the  adult,  except  that 
there  is  usually  left  a  rudiment  of  the  hyoid,  supplying  the  pseudo- 
branch,  which  is  similar  to  the  rudiment  of  the  mandibular  artery 
in  Elaflinobrancbii.  In  Dipnoi  the  mandibular  artery  atrophies,  but 
the  hyoid  is  sometimes  preserved  (Protopterus),  and  sometimes  lost. 

In  Fishes  provided  with  a  well  developed  air-bladder  this  oigan 
receives  arteries,  which  arise  sometimes  from  the  dorsal  aorta,  some- 
times from  the  cteliac  arteries,  and  sometimes  from  the  dorsal  section 
of  the  last  (fourth)  branchial  trunk.  The  latter  origin  is  found  in 
FolypteruB  and  Amia,  and  seems  to  have  been  inherited  by  tlie 
Dipnoi  where  the  air-bladder  forms  a  true  lung. 

The  pulmonary  artery  of  all  the  air-breathing  Vertebrata 
is  derived  from  the  pulmonary  artery  of  the  Dipnoi. 

In  all  the  types  above  Fishes  considerable  changes  are  effected  in 
the  primitive  arrangement  of  the  arteries  in  the  visceral  arches. 


1  In  Mammalia  the  saperior  meaeoterio  artery  ar 
which  may  probably  be  regarded  an  a  primitive  co°liaco- 

*  The  mandibnhir  artery  is  stated  by  Uotte  never  tc 
ill  distinctly  figured  in  Lereboallet  (No.  71). 


from  the  vitelline  artery, 
developed  in  Te1eoat«i,  bat 
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In  Amphibia  the  piscina  conditian  is  most  nearly  retained'.. 
The  mandibular  artery  is  never  developed,  and  the  hyoid  aiiery  is 
imperfect,  being  only  connected  with  the  cephalic  vessels  and  never 
directly  joining  the  dorsal  aorta.  It  is  moreover  developed  later  than 
the  arteries  of  the  true  branchial  arches  behind.  The  subclavian 
arteries  spring  from  the  common  trunks  which  unite  to  form  the 
dorsal  aorta. 

In  the  TTrodela  there  are  developed,  in  addition  to  the  hyoid,  four 
branchial  arteries.  The  three  foremost  of  these  at  first  supply  gills, 
and  in  the  Ferennibranchiat«  forms  continue  to  do  so  through  life. 
The  fourth  does  not  supply  a  gill,  and  very  early  gives  off,  as  in  the 
Dipnoi,  a  pulmonary  branch. 

The  hyoid  artery  soon  sends  forward  a  lingual  artery  from  its 
ventral  end,  and  is  at  first  continued  to  the  carotid  which  grows 
forward  from  the  dorsal  part  of  the  first  branchial  vesael. 

In  the  Caducibranchiata,  where  the  gills  atrophy,  the  following 
changes  take  place.  The  remnant  of  the  nyoid  is  continued  entirely 
into  the  lingual  artery.  The  first  branchial  is  mainly  continued  into 
the  carotid  and  other  cephalic  branches,  but  a  narrow  remnant  of 
the  trunk,  which  originally  connected  it  with  the  dorsal  aorta,  re- 
mains, forming  what  is  known  as  a  ductus  BotalH.  A rete  mirabile 
on  its  course  is  the  remnant  of  the  original  gill. 

The  second  and  third  branchial  arches  are  continued  as  simple 
trunks  into  the  dorsal  aorta,  and  the  blood  from  the  fourth  arch 
mainly  passes  to  the  lungs,  but  a  narrow  ductus  Botalli  dtill  con- 
nects this  arch  with  the  dorsal  aorta. 

In  the  Anura  the  same  number  of  arches  ie  present  in  the 
embryo  as  in  the  Urodela,  all  four  branchial  arteries  supplying  bran- 
chiae, but  the  arrangement  of  the  two  posterior  trunks  is  different 
from  that  in  the  Urodela.  The  third  arch  becomes  at  a  very  early 
period  continued  into  a  pulmonary  vesael,  a  relatively  narrow  branch 
connecting  it  with  the  second  arch.  The  fourth  arch  joins,  the  pul- 
monary branch  of  the  third.  At  the  metamorphosis  the  hyoid  artery 
loses  its  connection  with  the  carotid,  and  the  only  part  of  it  which 
persists  is  the  root  of  the  lingual  artery.  The  first  branchial  artery 
ceases  to  join  the  dorsal  aorta,  and  forms  the  root  of  the  carotid :  the 
so-called  carotid  gland  placed  on  ita  course  ie  the  remnant  of  the  gill 
supplied  by  it  before  the  metamorphosis. 

The  second  artery  forms  a  root  of  the  dorsal  aorta.  The  third,  as 
in  all  the  Amniota,  now  supplies  the  lungs,  and  also  sends  off  a 
cutaneous  branch.  The  fourth  disappears.  The  connection  of  the 
pulmonary  artery  with  both  the  third  and  fourth  branchial  arches  in 
the  embryo  appears  to  me  clearly  to  indicate  that  this  artery  was 
primitively  derived  from  the  fourth  arch  as  in  the  Urodela,  and 
that  its  permanent  connection  with  the  third  arch  in  the  Anura  and 
in  all  the  Amniota  is  secondary. 

■  In  m;  acoount  of  the  Amphibii,  Gtttte  (Ho.  196)  has  been  followed. 

34—2 
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Fto.  301. 


E.TBBK.) 

a.  TOntral  Koita;   i 
8,  4,  6.  orterinl  arcbes. 


(From  Qt^enbaor 


Id  the  Atuuiuta  the  metamorphosis  of  the  arteries  is  in  all  av^es 
very  similar.  Five  arches,  viz.  the  mandibular,  hyoid,  and  three 
branchial  arches  are  always  developed  (fig.  364).  but,  owing  to  the 
absence  of  branchiae,  never 
function  as  branchial  arteries. 
Of  these  the  main  parts  of 
tlie  first  two,  connecting  the 
truncua  arteriosus  vitb  the 
collecting  tnink  into  which 
the  arterial  arches  fall,  always 
disappear,  usually  before  the 
complete  development  of  the 
arteries  in  the  posterior  arches. 
The  anterior  part  of  the 
collecting  trunk  into  which 
these  vessels  fall  is  not  ob- 
literated when  they  disappear, 
but  is  on  the  contraiy  con- 
tinued forwards  as  a  vessel 
supplying  the  brain,  homo- 
logous with  that  found  in 
Fishes,  It  constitutes  the  in- 
ternal carotid.  Similarly  the 
anterior  part  of  the  trunk  from  which  the  mandibular  and  hyoid 
arteries '  sprang  is  continued  forwards  as  a  small  vessel',  which 
at  first  passes  to  the  oral  region  and  constitutes  in  Reptiles  the 
lingual  artery,  homologous  with  the  lingual  artery  of  the  Am- 
phibia; but  in  Birds  and  Mammals  becomes  more  important,  and 
IS  then  known  as  the  external  carotid  (fig.  1 25).  By  these  chauj^ea 
the  roots  of  the  external  and  internal  carotids  spring  respectively 
from  the  ventral  and  dorsal  ends  of  the  primitive  third  artery, 
*.«,  the  artery  of  the  first  branchial  arch  (fig.  365,  c  and  c') ;  and  thus 
this  arterial  arch  persiits  in  all  typsa  as  the  common  csrotid,  and  the 
basal  part  of  the  internal  carotid.  'I  he  trunk  connecting  the  third 
arterial  arch  with  the  system  of  the  dorsal  aorta  persists  in  some 
Reptiles  (Lacertilia,  fig.  366  A)  as  a  ductus  Botalh,  but  is  lost  in 
the  remaining  Reptiles  and  in  Birds  and  Mammals  (fig.  366  B,  U,  D). 
It  disappears  earliest  in  Mammals  (fig.  365  C),  later  in  Birds  (fig. 
365  B),  and  still  later  in  the  majority  of  Reptiles. 

The  fourth  arch  always  continues  to  give  rise,  as  in  the  Anura,  to 
the  sjstem  of  the  dorsal  aorta. 

In  all  Reptiles  it  persists-on  both  sides  (fig.  366  A  and  B),  but  with 
the  division  of  the  truncus  arteriosus  into  three  vessels  one  of  these. 


I  His  (No.  931)  deteribes  in  Mao  two  ventral  oontinuationB  of  the  tmncna  ui«. 
rioscB,  ODe  derived  from  the  mandibular  artery,  formiag  tbe  eilemal  m&iillftty  arleiy, 
•nd  one  from  the  hyuid  tzttiy.  turmiDK  tha  Imiiiuil  artery.  The  Teasel  from  irhich 
tbe;  apriiiR  is  the  eiteniHl  cnmtid.  Thene  obnervutioDS  of  Hiit  nill  veiy  prubublj 
be  fo'ind  to  hold  true  for  other  tjl^pes. 


jiGoogle 


ARTERIAL  SYSTEM.  533 

i.e.  that  opening  furthest  to  the  left  side  uf  the  ventricle  (e  and  (Q, 
is  cuQttuuous  with  the  ntfht  fourth  arch,  and  also  with  the  common 


1.  36u.     Develoi-uknt  or  thk  ui 
A.  A  Lizibd;  B.  tbe  common  Fowl;  C.  ihb  Pia.     (From  Gegenbanr;  after  Bathke.) 

The  flnt  two  srabeB  have  disappeared  ia  all  three.  In  A  ftnd  B  tbe  last  three  are 
Htill  complete,  bat  in  C  the  last  two  are  alona  eomplete. 

p.  pulmona>7  artery  HptiiigiiiK  from  tbe  fifth  arch,  but  still  ooDnectad  with  the  b;b- 
lein  of  the  dorsal  aorta  by  a  ductus  Botalli;  c.  eiternal  oarotid;  c.  internal  carotid; 
lid,  doraal  aorta;  a.  auricle;  (>.  Teotricte;  ii.  nasal  pit;  in.  mdiment  of  fore -limb. 

carotid  arteries  (c) ;  while  a  second  spiinging  from  the  right  side  of 
the  ventricle  is  continuous  with  the  left  fourth  arch  (A  and/).  The 
right  and  left  divisions  of  tbe  fourth  areh  meet  however  on  the  dorsal 
ftide  of  the  resophagus  to  give  origin  to  the  dorsal  aorta  {g). 

In  Birds  (fig.  366  0)  the  left  fourth  arch  [h]  loses  its  connection 
with  the  dorsal  aorta,  though  the  ventral  part  remains  as  tbe  root  of 
the  left  subclavian.  The  tnincus  arteriosus  is  moreover  only  divided 
into  two  P^rts,  one  of  which  is  continuous  with  all  the  systemic 
arteries.  Thus  it  comes  about  that  in  Birds  the  right  fourth  arch  (e) 
alone  gives  rise  to  the  dorsal  aorta. 

In  Mammals  (fig.  366  D}  the  truncus  arteriosus  is  only  divided 
into  two,  but  the  left  fourth  arch  (e),  instead  of  the  right,  is  that 
continuous  with  the  dorsal  aorta,  and  the  right  fourth  arch  (i)  is 
ouly  continued  into  the  right  vertebral  and  right  aubclHvian  arteries. 

'ITie  fifth  arch  always  gives  origin  to  the  pulmonary  artery  (fig. 
S65,  j>)  and  is  continuous  with  one  of  the  divisions  of  the  tj  uncus 
arteriosus.  In  Lizards  (fig.  866  A,  t),  Clielonians  and  Birds  (Kg.  36ti 
(J,  i)  and  probably  in  Crocodilia,  the  right  and  left  pulmonary  arteries 
spring  respectively  from  the  right  and  left  fifth  arches,  and  during 
the  greater  part  of  embryonic  life  the  parts  of  the  fifth  arches  be- 
tween the  origins  of  the  pulmonary  arteries  and  the  Kyatem  of  the 
dorsal  aorta  are  preserved  as  ductus  Botalli.  These  ductus  Bobdli 
jjersist  for  life  in  the  Chelonia.  In  Ophidia  (fig.  366  B,  k)  and 
Mammalia  (fig.  366  D,  ni)  only  one  of  the  fifth  arches  gives  origin  to 
the  two  pulmonary  arteries,  viz.  that  on  the  right  side  in  Ophidic, 
iuid  the  left  in  Mammalia. 
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The  ductus  Botalli  of  the  fifth  arch  (known  in  Man  aa  the  ductus 
arteriosus)  of  the  side  on  which  the  pulmonary  arteries  are  formed, 
may  remain  (e.g.  in  Man)  aa  a  aolid  cord  connecting  the  commoD 
stem  of  the  pulmonary  aorta  with  the  systemic  aorta. 

The  main  history  of  the  arterial  arches  in  the  Amniota  has  been 
sufficiently  dealt  with,  and  the  diagram,  fig.  366,  copied  from  Rathke, 
shews  at  a  glance  the  character  of  the  metamorphosis  these  arches 
undergo  in  the  different  types.  It  merely  remains  for  me  to  say  a 
few  words  about  the  subclavian  and  vertebral  arteries. 

The  subclavian  arteries  in  Fishes  usually  spring  from  the  trunks 
connecting  the  branchial  veins  with  the  dorsal  aorta.  This  origin, 
which  is  also  found  in  Amphibia,  is  typically  found  in  the  embryos 
of  the  Amniota.     In  the  Lizards  this  ongin  persists  through  life,  but 


Fio.  866.  DuoBuiH  illubtbatdid  tbb  hxtahorfhobis  or  ths  aktiiiul  abchbi 
IN  A  LizuD  A,  A  Snake  B,  a  Bibd  C  aud  a  Mammal  D.     (From  Mirart  after  Bathlie.) 

A.  a.  internal  curotid ;  b,  eitemal  carotid ;  c.  eomtnon  carotid ;  d.  dncttu  Botalli 
betveen  the  third  and  (oarth  arches ;  t.  right  aortic  tniok :  /.  snbcUviaa ;  g.  dotf  »1 
aorta;  h.  left  aoittc  tronk;  t.  polmonar;  arterj';  k.  rudiment  of  daetas  Botalli  be- 
tween the  pulmonai;  artei^  and  the  Bystem  of  tlie  domal  aojta. 

B.  a.  internal  carotid;  b.  eiCeraal  carotid;  e.  common  carotid;  d.  light  aortie 
trunk;  t.  Tertebral  arteiy;  /.  left  aortic  tiQnk  of  dorKoJ  aorta;  h.  polmonarj  art^; 
I.  dnotus  Botalli  of  polmonar^  artery. 

C.  a.  internal  carotid ;  b.  external  carotid ;  e.  common  carotid ;  d.  ijatemie  aorta ; 
t.  fourth  arch  of  right  ude  (loot  of  dorsal  aorta) ;  /.  right  snbclavian  ;  g.  dorsal  aorta ; 
h.  1«ft  RubclaviBJi  (fourth  arch  of  left  side) ;  i.  pulmonaiy  artery )  k.  and  I.  right  and 
left  dactaH  Botalli  of  putmonar;  arteries. 

D.  a.  internal  carotid ;  b.  external  carotid;  c.  common  carotid;  d,  eyiteinic  aorta; 
e,  fourth  arch  of  lelt  side  (root  of  dorsal  aorta);  /.  dorsal  aorta;  g.  left  vertebral  artor; 
ft.  left  Bubclavian  arter; ;  i.  right  subclavian  (fourth  arch  of  right  aide) ;  i.  rifUit 
vertebral ;  I.  conlinoation  of  right  tjabclariau ;  m.  pulmonary  artery;  n.  duetua  BotalU 
of  pulmonary  artery. 
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both  subclaviuns  spring  from  the  right  side.  In  most  other  types 
the  origin  of  the  subcIaviariB  is  carried  upwards,  so  that  they  usually 
spring  from  a  trunk  common  to  them  and  the  carotids  (arteria 
anouyma)  (Birds  and  some  Mammals) ;  or  the  left  one,  as  in  Man  and 
some  other  Mammals,  arises  from  the  systemic  aorta  just  beyond 
the  carotids.  Various  further  modifications  in  the  origin  of  the  sub- 
clavians  of  the  same  general  nature  are  found  in  Mammalia,  but  they 
need  not  be  specifiea  in  detail.  The  vertebral  arteries  usually  ariae 
in  close  connection  with  the  subclavians,  but  in  Birds  they  arise  from 
the  common  carotids. 

Bibliography  of  ike  Arterial  Si/stem, 

(496)    H.  Bathke;     "Veh.  A.  Entwicb.  d.  Atieiieu  yr.  bei  d.  Stiagethiere  von  d. 
Bogen  d.  Aorta  aasgehea."    Miiller's  Archiv,  1843. 

(4Q7)    H.  Bathke.     "  UDtenaobiiiigeit  lib.  d.  AortonvnTZsln  d.  Sanrier."    l}tiik- 
$ehrifien  d.  £.  Akad.  Wien>  Vol.  iiu.  IS6T. 

Vide  bIbo  Hia  (No.  131)  and  genenl  vorka  on  Vertebtate  Embtjology. 


The  Venou3  System. 

The  venous  system,  as  it  is  found  in  the  embryos  of  Fishes,  con- 
sists in  its  earhest  condition  of  a  single  large  trunk,  which  traverses 
the  splanchnic  mesoblaat  investing  the  part  of  the  alimentary  tract 
behind  the  heart.  This  trunk  is  directly  continuous)  in  front  with  the 
heart,  and  underlies  the  alimentary  canal  through  both  its  pnpanal 
and  postanal  sections.  It  is  shewn  in  section  in  fig.  367,  v,  and  may  be 
called  the  subintestinal  vein.  This  vein  has  been  found  in  the 
embryos  of  TeJeostei,  Ganoidei,  Elasmobranchii  and  Oyclostomata, 
and  runs  parallel  to  the  doreal  aorta  above,  into  which  it  is  some- 
times continued  behind  (Teleostei,  Ganoidei,  et«.). 

In  Elasmobranch  embryos  the  subintestinal  vein  terminates,  as 
may  be  gathered  from  sections  (fig.  3C8,  v.cau),  shortly  before  the  end 
of  the  tail.  The  same  series  of  sections  also  shews  that  at  the  cloaca, 
where  the  gut  enlarges  and  comes  in  contact  with  the  skin,  this  vein 
bifurcates,  the  two  branches  uniting  into  a  single  vein  both  in  front 
of  and  behind  the  cloaca. 

In  most  Fishes  the  anterior  part  of  this  vein  atrophies,  the  caudal 
section  alone  remaining,  but  the  anterior  section  of  it  persists  in  the 
fold  of  the  intestine  in  Petromyzon,  and  also  remains  in  the  spiral 
valve  of  some  Elasmobranchii.  In  Amphioxus,  moreover,  it  forms, 
as  in  the  embryos  of  higher  types,  the  main  venous  trunk,  though 
even  here  it  is  usually  broken  up  into  two  or  three  parallel  vessels. 

It  no  doubt  represents  one  of  tha  primitive  loDgitndinal  trunks  of  the 
vermiform  ancestors  of  the  Cliordata.  The  heart  and  the  branchial  artery 
constitute  a  specially  modified  anterior  continuation  of  this  vein.  The 
ililatud  portal  sinus  of  Myxine  is  jirobaMy  also  part  of  it;  and  if  this  is 
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really  rhythmically  coutractile'  the  fact  would  bo  iiitereuliiig  as  nliewjiig 
that  this  quality,  which  is  now  localiiteH  in  the  h&irt,  was  once  probably 
n  to  the  subintestinal  vessel  for  its  whole  length. 


On  tlie  development  of  the  cardinal  veiLs  (to  be  described  below) 
coDsiderable  changes  are  effected  in  the 
siibititestinal  vein.  Its  postanal  section, 
which  is  known  in  the  adult  as  the  caudal 
vein, unites  with  the  cardinal  veins.  On 
this  junction  being  effected  retrogressive 
changes  take  place  io  the  pripanal  section 
of  the  original  subintestinal  vessel.  It 
I  hieaka    up    in    front    into  a    number  of 

smaller  vessels,  the  most  important  uf 
which  is  a  special  vein,  which  lies  in  the 
fold  of  the  spiral  valve,  and  which  is 
more  conspicuous  in  some  Elasmobranchit 
than  in  8cylltum,  in  which  the  develo|>- 
ment  of  the  vessel  has  been  mainly 
I  studied.     The  lesser  of  the  two  branches 

I  t^onnectinc  it  round  the  cloaca  with  the 

caudal  vein  first  vanishes,  and  then  the 
larger;  aud  the  two  posterior  cardinals 
iire  left  as  the  Eole  forward  continuations 
—  of  the  caudal  veio.     The  latter  then  he- 

comes  prolonged  forwards,  so  that  the 
two  cardinals  open  into  it  some  httle 
distance  iu  front  of  the  hiud  end  of  the 
kidneys.  By  these  changes,  and  by  the 
disappearance  of  the  postanal  section  of 
the  gut,  the  caudal  vein  is  made  to 
appear  as  a  supraintestinal  and  not,  as 
it  really  is,  a  subintestinal  vessel. 

From  the  subintestinal  vein  there  is 
given  off  a  branch  which  supplies  the 
yolk-sack.  This  leaves  the  subiut^stiual 
vein  close  to  the  liver.  The  liver,  ou 
its  development,  embracer  the  suhintestiiial  vein,  which  then  breaks 
up  into  a  capillary  system  in  the  liver,  the  main  part  of  its  blood 
coming  at  this  period  from  the  yolk-sack. 

The  porta!  system  is  thus  established  from  the  subintestinal  vein; 
but  is  eventually  joined  by  the  various  visceral,  and  sometimes  by  the 
genital,  veins  as  they  become  successively  developed. 

The  blood  from  the  liver  is  brought  back  to  the  sinus  venosus  by 
veins  known  as  the  hepatic  veins,  which,  like  the  hepatic  capillary 
system,  are  derivatives  of  the  subintestinal  vessel. 


ip.c.  Hpinal  canal )  X'.  while 
matter  of  gpinal  cord  ;  pr.  poste- 
lior  nerve-roots  ;  eh.  notochord  ; 
J. anb-notochordal rort ;  oo.aorta; 
mp.  raaHclepUte;  niji'.  inner  layer 
of  inaBcle-pfate  already  converted 
into  miierlta;  I'r.  rudiment  of 
verteliral  iiorty;  it.  segmental 
tube;  id.  ragmental  dncl;  fp.r. 
spiral  valve;  r.  subintestinal  vein ; 
p.o.  primiliva  denerative  cells. 


'  ,1.  Miillcr  holdh  that  this  suck  u  not  ih.vthniiwU;-  Koutratlilc. 
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'i'liere  join  the  portal  system  in  Myxiiioids  and  many  Teleostei 
a  number  of  veins  from  tbe  anterior  abdomiutil  whIIs,  repibseutitig 
a  commencement  of  the  anterior  abtluminal  or  epigastnc  vein  oi' 
higher  types'. 

In  tde  higher  Vertebrates  the  original  Bubintestinal  vessel  never  attains 
a  full  (leveloiimeut,  even  in  the  embryo.  It  is  represented  by  (I)  the 
ductus  veuoHUs,  which,  like,  the  true  subinteatinal  vein,  gives  origin  (in 
the  Amniota)  to  the  vitelline  veinn  to  the  yelk-xack,  and  (2)  by  the  caudul 
vein.  Whether  the  partial  atrophy  of  the  subinteatinal  vessel  vas  primi- 
tively caused  by  the  development  of  the  cardinal  veins,  or  lor  si>me  other 
resson,  it  in  at  any  rate  a  fact  that  in  all  existing  Fishes  the  cardinal  veins 
foim  the  main  venous  chHnnels  of  tbe  titink. 

Tbeir  later  development  than  the  subintestinal  veHsel  as  well  aa  their 
absence  in  Ampbioxus,  pro- 
bably indicate  that  they  lie- 
came  evolved,  at  any  i-ate  in  ,-  ^ 
their  pretteut  form,  within 
the  Vertebrate  phylum. 

The  embryonic  condi- 
tion of  the  venous  system, 
with  a  single  lat^e  subin- 
testinal vein  is,  as  has  been 
stated,  always  modified  by 
tbe  development  of  a 
paired  system  of  vessels, 
known  as  tbe  cardinal 
veins,  which  bring  to  tbe 
heart  the  greater  part  of 
the  blood  from  the  tiiink. 


The  cardinal  v 


ms  ap- 


pear in  Fisliee  as  four 
])aired  longitudinal  trunks 
(tigs.  3C3  and  3(10),  two 
anterior  (j)  and  two  pos- 
terior (c).  They  unite  into 
two  transverse  trunks  on 
cither  side,  known  as  the 
ductus  Cuvieri  {dc),  which 
fall  into  the  sinus  venosus, 
pattsing  from  the  body  wall 
to  the  sinus  by  a  lateral 
mesentery  of  the  heart  already  spoken  of  (p.  515,  fig.  352).  The 
anterior  pair,  known  aa  the  anterior  ca:dinal  or  jugular  veins,  bring 
to  the  heart  the  blood  from  the  head  and  neck.  They  are 
placed  one  on  each  side  above  the  level  of  the  branchial  arches 
(fig.  SyO,  a-cv).     The  posterior  cardinal  veins  lie  immediately  dorsal 

'  Stannius,  Vergltich.  Aiiat.,  p. 'J31. 


Flo.  SeS.      Foi 

iiE  tii  ria.  28  F. 

A  ie  tbe  posterioi  section. 
nc.  neural  canal;  at.  poBt^aoat  gut;  alv.  canial 
veaiole  ot  poBt.&nnl  gut ;  x.  subnotocbord  rod  ;  mp. 
muBcla-pUte;    ch.  notoeliord;    tl.al.  cloaca;    uu. 
cau.  caudal  vein. 


DyGoogle 


fi36 


THE   CARDINAL    VEINS. 


Pio-  889. 

TENODE  ETBIIH 

FiBB.   (From  QegeD' 

j.  jugular 
(anterioT  cardiDal 
vein) ;  c.  {HWteiior 
cardinal  vein ;  A.  he- 
patic veins ;  a 


to   the  meaonephros  (Wolffian  body),  and  are  mainly  supplied  by 
the  blood  from  this  orgau  and  from  the  walla  of 
I  I  the  body  (fig,  275,  c.a.v).     In  many  forms  (Cyclo- 

yl  n  stdmata,  Elasmobranchii  and  many  Teleostei)  they 

I    jB  J  unite   posteriorly    with  tlie  caudal   veins   in   the 

\i«jkiK  manner  already  described,  and  in  a  large  number  of 

^  instances  the  connecting  branch  between  the  two 

systems,  in  its  passage  through  the  mesonephros, 
breaks  up  into  a  capillary  network,  and  so  gives 
rise  to  a  renal  portal  system. 

The  vein  from  the  anterior  pair  of  fins  (sub- 
clavian) usually  unites  with  the  anterior  jugular 
vein. 

The  venous  system  of  the  Amphibia  and  Am- 
niota  always  differs  from  that  of  Fishes  in  the 
presence  of  anew  vessel,  the  vena  cava  inferior, 
which  replaces  the  posterior  cardinal  veins ;  the 
latter  only  being  present,  in  their  piscine  form, 
during  embryonic  life.     It  further  ditl'ers  from  that 

of  all  Fishes,  except  the  Dipnoi,  in  the  presence 

;  dc.  dactae     of  pulmonary  veins  bringing  back  the  blood  directly 
*'""*"■  from  the  lungs. 

In  the  embryos  of  all  the  higher  forms  the  general  characters  of 
the  venous  system  are  at  tirst  the  same  as  in  Fishes,  but  with  the 
developmeut  of  the  vena  cava  inferior  the  front  sections  of  the  pos- 
terior cardinal  veins  atrophy,  and  the  ductus  Cuvieri,  remaining 
solely  connected  with  the  anterior  cardinals  and  their  derivatives, 
constitute  the  superior  venae  cavie.  The  inferior  cava  receives 
the  hepatic  veins. 

Apart  from  the  non-development  of  the  Bubint«stinal  vein  the 
visceral  section  of  the  venous  system  is  very  similar  to  that  in  Fishes. 
The  further  changes  in  the  venous  system  must  be  dealt  with 
separately  for  each  group. 

Amphibia.  In  Am[>hibia  (Ootte,  No.  396)  the  anterior  and  poaterior 
cardinaf  veiiia  arise  as  in  Pisces.  From  the  former  the  iutemal  jngalar 
vein  arises  as  a  branch ;  the  external  jugular  constituting  the  main  stem. 
The  subclavian  with  its  large  cutaneous  branch  also  springs  from  the 
system  of  the  anterior  cardiuai.  The  common  trunk  formed  by  the  jnuc- 
tioa  of  these  three  veins  falls  into  the  ductus  Cuvieri. 

The  poatei'ior  cardinal  veins  occupy  the  same  poaition  as  in  Pisces,  and 
unite  behind  with  tht)  caudal  veins,  which  Gotte  has  shewn  to  be  originally 
aituiited  below  the  postanal  guL  The  iliac  veins  unite  with  th«  posl«rior 
cardinal  veins,  where  the  latter  fall  into  the  caudal  vein.  The  original 
piscine  condition  of  the  veins  ia  not  long  retained.  It  is  first  of  all 
disturbed  by  the  development  of  the  anterior  part  of  the  imporiHUt  un- 
jiaired  venous  trunk  which  forms  in  the  adult  the  vena  cava  iuferior. 
This  ix  developed  independently,  but  unites  behind  with  Hm  right  poeterinr 
cardinal.     From  this  point  backwards  the  two  cardinal  veins  coalMce  for 
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some  distance,  to  give  rise  to  the  potterhr  section  of  the  vena  cava  infenor, 
situated  between  the  kidneys'.  The  anterior  sections  of  the  cardinal  veins 
subsequent!/  atrophy.  Tl»e  posterior  part  of  the  cardinal  veins,  from  their 
junction  with  the  vena  cava  infttiior  to  the  caudal  veins,  forms  a  rhom- 
boidal  figure.  The  iliac  vein  joins  the  outer  angle  of  this  figure,  and  is 
thus  in  direct  communication  with  the  inferior  vena  cava,  but  it  is  also 
connected  with  a  longitudinal  vessel  on  the  outer  border  of  the  kidneys, 
which  receives  trausverse  vertebral  veins  and  transmits  their  blood  to  the 
kidueya,  thus  forming  a  renal  portal  system.  The  anterior  limbs  of  the 
rhombo.d  formed  by  the  canliual  veins  soon  atrophy,  so  that  the  blood 
from  the  hind  lioilM  cau  only  pass  to  the  inferior  vena  cava  through  the 
ronal  portal  Bysteni,  The  posterior  pai-ts  of  the  two  cardinal  veins 
(uniting  ill  the  Urodela  directly  with  the  unpaired  caudal  vein)  still 
persist.  The  iliac  veins  alno  bvcoiae  directly  connected  with  a  new  v^n, 
the  anterior  abdominal  vein,  which  has  meanwhile  become  developed. 
Thus  the  iliac  veins  become  united  with  the  system  of  the  vena  cava 
inferior  through  the  vena  renalis  advehens  on  the  outer  border  of  the 
kidney,  and  with  the  anterior  abdominal  veins  by  the  epigastric  veinii. 

The  visceral  venous  system  begins  with  the  development  of  two  vitelliue 
veins,  which  at  firat  join  the  sinus  venosus  directly.  They  soon  become 
enveloped  in  the  liver,  where  they  break  up  into  a  ca|iillary  system,  which 
is  also  joined  by  the  other  veins  from  the  viscera.  The  hepatic  system  has 
in  fact  the  same  relations  as  in  Fishes.  Into  this  system  the  anterior 
abdominal  vein  also  poiire  itself  in  the  adult  This  vein  is  originally 
formed  of  two  vessels,  which  at  first  fall  directly  into  the  sinns  venosus, 
uniting  close  to  their  opening  into  tha  sinns  with  a  vein  from  the  tmncus 
arteriosus.  They  become  prolonged  backwards,  and  after  reoeiviug  the 
epigastric  veins  above  mentioned  from  the  iliac  veins,  and  also  veins  from 
the  allantoic  btaddei',  unite  behind  into  a  single  vessel.  Anteriorly  the 
right  vein  atrophies  and  the  left  continues  forward  the  uupaii-ed  posterior 
aection. 

A  secondary  connection  becomes  established  between  the  anterior  abdo- 
minal vein  and  the  portal  system  ;  bo  that  the  blood  originally  tmnsported 
by  the  former  vein  to  the  heui  becomes  diverted  so  as  to  &II  into  the  liver. 
A  remnant  of  the  primitive  connection  is  still  retained  in  the  adult  in  the 
form  of  a  small  vein,  the  so-called  vena  buibi  posterior,  which  brings  the 
blood  from  the  walls  of  the  truncus  arteriosus  directly  into  the  anterior 
abdominal  vein. 

The  pulmonary  veins  grow  directly  from  the  heart  to  the  lungs. 

For  our  knowledge  of  the  development  of  the  venone  system  of  the 
Amniota  we  are  mainly  indebted  to  lUtlike. 

BeptUift.  As  an  example  of  the  Reptilia  the  Snake  may  be  selected, 
its  venous  system  having  been  fiilly  worked  out  by  Bathke  in  his  important 
memoir  on  ite  development  (No.  300). 

The  anterior  (external  jugular)  and  posterior  cardinal  veins  are  formed 
in  the  embryo  as  in  all  other  types  (lig.  370,  v}  and  vc) ;  and  the  anterior 
cardinal,  after  giving  rise  to  the  anterior  vertebi-al  and  to  the  cephalic  veins, 
persists  with  but  slight  modifications  in  the  adult;  while  the  two  ductus 
Uuvieri  constitute  the  superior  venie  cave. 

'  This  statement  of  OOtte'a  is  opposed  to  that  of  Bathke  for  the  Amniota,  and 
cannot  be  oonsideied  as  completel]'  eBtabllBhed. 
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The  two  poBterior  cardinHlx  unite  behind  vith  the  cautUl  veinn.  They 
Hre  placed  in  the  usual  eitnatiun  on  the  doriial  and  outer  border  of  Uie 
kidneys. 

With  the  development  of  the  vena  cava  inferior,  to  be  described  below, 
the  blood  from  the  kidney  becomes  mainly 
tratiRiKirted  by  this  vessel  to  the  heort;  and  the 
section  of  the  posterior  caidinids  opening  into  the 
ductus  Ciivieri  gi-adnally  ati'Dphiea,  their  posterior 
|»rts  FBrnaining  however  on  the  outt-r  border  of 
the  kidneya  as  the  venie  renales  advehentea'. 

While  the  front  part  of  the  posterior  cardinal 
veins  is  «nderj;oing  ati-ophy,  the  iutercostiii  veins, 
which  originally  poured  their  blood  into  the 
[>03t«rior  cardinul  veins,  become  also  connected 
with  two  longitudinal  veina— the  poHterior  ver- 
tebral veins — which  are  bomologons  with  the 
azygofi  and  hemiEizygos  veins  of  Man ;  and  beAT 
the  same  relation  to  the  anterior  vertebral  veins 
that  the  anterior  tmd  posterior  cardinnis  do  to 
each  other. 

These  veins  are  at  fii-st  connected  by  tranM- 
rerse  anaatomoues  with  the  pnaterior  cardinals, 
but,  on  the  drsapi)ear«uce  of  the  front  |)art  of 
the  latter,  the  whole  of  the  blood  from  the  in- 
tercostal veins  falls  into  the  posterior  veiiebral 
veins.  They  are  united  in  fi-ont  with  the  aiiterior 
vei'tebntl  leins,  and  the  common  trunk  of  the 
each  side  falls  into  the  jugular 


Sndck.    (From  Uegenbaur; 
nfter  Rathke.) 

ve.  poaterior  cardinal 
vein  J  vj.  jugular  vein;  D€. 
dnotOB  Cuvieri ;  tm.  sllau- 
toia  vein  ;  r.  ventricle;  ba. 
truncus  arterioaus;  a.  vis- 
ceral   oleftH ;     I.    auditor}' 


3  at  first  symmetrical,  but  after  be- 
a  anastomost-s,  the  riglit  becomes  tlie  nior« 


The  [wsterior  vertebi-al  ^ 
coming  connected  by  ti'ansvei 
imixirbiiit  of  the  two. 

The  vena  cava  inferior,  though  considerably  later  in  ita  duvelojiment 
than  the  caidinals,  arises  lairly  early.  It  couatitntes  in  front  an  imjiaired 
ti'iuik,  at  tirst  very  small,  opening  into  the  right  allantoic  veiii,  close  to  the 
heart,  Posteriorly  it  is  continuous  with  two  veins  placed  on  the  inner 
border  of  the  kidneys'. 

The  vena  cava  inferior  passes  tlirough  the  dorsal  part  of  the  liver,  and 
in  doing  so  receives  the  hei>atic  veins. 

The  portal  system  is  at  first  constituted  by  the  vitulliiie  vein,  which  is 
directly  continuons  with  the  venous  end  of  the  heart,  aiid  at  firist  receivex 
the  two  ductus  Cuvieri,  hut  at  a  later  period  unites  with  the  left  ductus. 
It  soon  receives  a  mesenteric  vein  briu<;ing  the  blood  from  the  viscera, 
which  is  small  at  first  but  rapidly  increaae»  in  ini{>oi-taucc 


■  RHthke's  account  of  the  vena  renalie  adveheua  ia  thna  entirelj  opposed  to  that 
which  Giitte  gives  fur  the  Fro|;,  but  my  own  obBerv&tioDB  on  the  Lizard  inciine  me  to 
accept  Hathli^'a  statemeuta.  for  the  Amniota  at  an;  rate. 

'  The  vena  cava  inferior  does  not  accuidiug  to  Itathke'a  accoant  unite  behind  vith 
the  potterior  cardinal  veina,  aa  it  ia  stated  by  Uutle  to  do  iu  the  Annra.  UOIIc 
queBtiouB  the  accuracy  of  Batlike 'a  atatemeutB  on  this  head,  but  my  own  observationa 
arc  entirely  in  favour  of  Bathke'a  obsctvatioua,  ani  lend  iro  isupport  whatever  to 
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The  common  trunk  of  the  vitelline  and  mesenteric  veina,  which  may  be 
called  the  portel  vein,  becomes  early  enveloped  hj  the  tiver,  and  gives  off 
bi-anches  to  this  oi^n,  the  blood  from  which  passes  by  the  hepatic  veins 
to  the  vena  cava  inl'erior.  As  the  branches  in  the  liver  become  more  im- 
portant, leas  and  less  blood  is  directly  transported  to  the  heart,  and  finnlly 
the  part  of  the  original  vitelline  vein  in  front  of  the  liver  is  absorlied,  and 
the  whole  of  the  blood  from  the  portal  system  passes  from  the  liver  into 
the  vena  cava  inferior. 

The  last  section  of  the  venous  syKtom  to  be  dealt  with  ia  that  of  the 
■interior  abdominal  vein.  There  are  originally,  os  in  the  Anum,  twu  vein« 
belonging  to  this  system,  which  owing  to  the  precocious  development  of  the 
bladder  to  form  the  allantois,  constitute  the  allantoic  veins  (tig.  37(1,  vu). 

These  veins,  runniDg  along  the  antorior  abdominal  wall,  are  formed 
somewhat  lat«r  than  the  vitolline  vein,  and  fnll  into  the  two  duc;tuH 
CiivierL  They  unite  with  two  epigastric  veins  (homologous  with  those  in 
the  Auura),  which  connect  them  with  the  system  of  the  posterior  car- 
dinal veins.  The  left  of  the  two  eventually  atrophies,  so  that  there  is 
formed  an  unpaired  allantoic  vein.  This  vein  at  first  receives  the  vena 
cava  inferior  close  to  the  heart,  but  eventually  the  junction  of  the  two 
takes  place  in  the  region  of  the  liver,  and  finally  tlie  anterior  abdominal 
vein  (a«  it  comes  to  be  after  the  atrophy  of  the  allantois)  joins  the  portal 
systom  and  breaks  up  into  capillaries  in  the  liver'. 

In  Lizards  the  iliac  veinsjoiii  the  posterior  cardinals,  and  so  pour  part 
of  their  blood  iuto  the  kidneys  ;  they  also  become  connecteil  by  the  epi- 
gnstric  veina  with  the  systeni  of  the  anterior  abdominal  or  nllantoic  vein. 
The  subclavian  veins  join  the  system  of  the  superior  venn  cavge. 

The  venous  system  of  Birds  and  MammaN  diffeis  iu  two  important 
points  from  that  of  Reptilla  and  Amphibia.  Firstly  the  antorior  abdominal 
vein  is  only  a  ftetal  vessel,  forming  during  foetal  life  the  allantoic  vein ; 
and  secondly  a  direct  coniifctiun  is  established  between  tlte  vena  cava 
inferior  and  the  vein-*  of  the  hind  limbs  and  poateiior  parte  of  the  cardinal 
veins,  so  that  there  is  no  renal  portal  syatem. 

AtOS.  The  chick  may  be  taken  to  illustrate  the  development  of  the 
venous  system  in  Birds. 

On  the  third  day,  nearly  the  whole  of  the  venous  blood  from  the  body 
of  the  embryo  is  carried  back  to  the  heart  by  two  main  venons  trunks, 
the  anterior  (fig.  1 25,  S.Ca.  V)  and  |>oeterior  (C.  Va)  cardinal  veins,  joining  on 
each  aide  to  form  the  short  transverse  ductus  Guvieri  (BC),  both  of  which 
unite  with  the  sinus  venosus  clo^e  to  the  heart.  As  the  head  and  neck 
continue  to  enlarge,  and  the  wings  become  developed,  the  single  anterior 
cardinal  or  jugular  vein  (fig.  371,  J),  of  each  side,  ia  joined  by  two  new 
veins :  the  vei-tebrat  vein  (A'u.  F.),  bringing  back  blood  from  the  head  and 
neck,  and  the  subclavian  vein  from  the  wing  {W). 

On  the  thiid  day  the  posterior  cardinal  veins  are  the  only  veina  which 
return  the  blood  from  the  hinder  part  of  the  body  of  the  embryo. 

About  the  fourth  or  fifth  dsy,  however,  the  vena  cava  inferior  (fig. 
371,  V.C.I)  makes  ite  appearuice.  Tliis,  starting  from  the  tdnua  venosus 
not  far  from  the  heart,  is  on  the  fifth  day  a  shoi-t  trunk  running  backward 
in  the  middle  line  below  the  aorta,  and  speedily  losing  itself  in  the  tissues 

1  The  jnnolton  between  the  portal  Ejstem  and  the  anterior  abdominal  vein  is 
apparentlj  denied  by  Eatlike  (No-  300.  p.  ITS),  but  this  mimt  be  an  cnoi  on  his  part. 
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of  the  Wolffian  bodii-e.     When  the  tnie  kidney b  fire  formed  it  also  receirea 
blood  from  them,  and  thenceforward  enlarging  ra|>idly  becomes  the  channel 
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H.  heart;  DC.  dactas  Cnvieri.  Into  the  ductwB  Cnvieri  at  each  wde  fall  J. the 
jngular  Teiu,  Su.V.  the  superior  vertebral,  W.  the  vein  trora  the  wing,  and  C.  the 
inferior  cardinal  vein ;  S.K.  BinnB  venoBnq  i  O/.  vitelline  t«d  ;  [/.  allantoic  Teii],lttuch 
at  this  stage  givM  oB  brauchea  to  the  body-waUs ;  Y.C.I,  inferior  vena  cava. 

by  which  the  greater  part  of  the  blood  from  tlie  hinder  part  of  the  body 
finds  its  way  to  the  heart.  In  proportion  aa  the  vena  cava  inferior  in- 
creases in  size,  the  posterior  cardinal  veins  diroinish. 

The  blood  originally  coming  to  them  from  the  posterior  part  of  the 
spinal  cord  and  trunk  is  transported  into  two  [losterior  vertebral  veini*, 
similar  to  those  in  Rpptilia,  which  are  however  placed  dorsally  to  the  heads 
of  the  ribs,  and  join  the  anterior  vertebral  veins.  With  their  appearance 
the  anterior  parts  of  the  posterior  cxrdinals  disappear.  The  blood  from 
the  hind  limbs  becomes  transported  directly  through  the  kidney  into  the 
vena  cava  inferior,  without  forming  a  renal  portal  system'. 

On  the  third  day  the  course  of  the  vesaek  from  the  yolk-sack  is  very 
simple.  The  two  vit<?lliue  veins,  of  which  the  right  is  already  the  snialler, 
form  the  ductus  venosus,  from  which,  as  it  passes  through  the  liver  on  its 
way  to  the  heart,  are  given  off  the  two  sets  of  vetue  advehenies  and  veme 
revehentes  (&g.  371). 

With  the  appearance  of  the  allantois  nn  the  fourth  day,  a  new  feature 
is  introduced.     From  the  ductus  venosus  tliei-e  is  given  off  a  vein  which 

'  The  mode  in  which  this  is  effected  requires  further  iDveatigation. 
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quioklf  divides  into  two  braacbeB.     These,  rutiDing  along  the  ventral  walU 


Fia.  S78.     DuoBUf  or  the  tenoub  cibcui.aiioh  in  thk  Cbiok 


H.  heart;  VSB.  riRht  vena  cava  BOperior;  VS.L.  left  vens  ca™  superior;  S.V. 
sinus  venoBiia.  The  two  vens  cava  snperiores  are  the  ori)(inal  '  ductus  Cnvieri,'  they 
open  into  the  sinuB  venoBUi,  J.  jojiQlar  vein ;  SU.V.  auterior  vertebral  vein;  IF. 
aabolavian;  V.C.I.  vena  oava  inferior;  RF.  hepatic  veins;  DV.  ductus  venoane; 
PV.  portal  vein  ;  M.  tnepenteric  vein  bringing  blood  from  the  inteetines  into  the 
portal  vein )  Of.  vitelline  vein  ;  V.  allantoio  velu.  The  three  last  meatioDed  veiuB 
unite  together  to  fonn  the  portal  vein. 

of  the  body  from  which  they  receive  ftoroe  amount  of  blood,  pass  to  the 
allantois.  They  are  the  aUanloie  veins  (fig.  371,  tt)  homulogous  with  the 
anterior  abdomiual  vein  of  the  lower  types.  They  unite  in  fi-ont  to  form  a 
single  vein,  which  becomes,  by  reason  of  the  rapid  growth  of  the  allantoia, 
very  long.  The  right  branch  soon.  dimiiiisheH  in  sizo  and  finally  disappears. 
Meanwhile  the  loft  on  reaching  the  allantois  bifurcates ;  and,  its  two 
branchefl  becoming  large  and  conspicuous,  there  still  appear  to  be  two 
main  allantoic  veins.  At  its  first  appearance  the  allantoic  vein  seems  to 
be  but  a  small  branch  of  the  vitelline,  but  as  the  allantois  grows  rapidly. 
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And  the  yolk  Hack  ilwindles,  tlii«  stMto  of  thiugs  is  revei'seil,  and  tli«  li  im 
cuiiHpicnous  vitelline  appears  aa  a  branch  of  the  larger  alUatoic  vein. 

On  the  third  dfty  the  blood  returning  from  the  walls  of  the  intestine 
is  inaignilicant  in  amount.  As  however  the  inteatiue  becomea  more  and 
more  developed,  it  acqiurea  a  distinct  venous  system,  wid  iU  blood  is 
I'etnrned  by  veins  which  form  a  trunk,  the  muterUerie  vein  (fig.  372,  M), 
fallin;;;  into  the  vitelline  vein  at  its  junction  witli  the  allantoic  vein. 

These  three  great  veins,  in  fact,  form  a  Urge  common  trunk,  which 
enters  at  once  into  the  Jiver,  and  which  we  miy  now  call  the  porlal  vein 
(fig.  372,  PV).  Tliis,  at  its  entmnce  into  the  liver,  partly  breaks  up  into 
tlie  verue  advchtnlee,  and  partly  contiuiies  as  the  ductus  veuosus  (DV) 
straight  through  the  liver,  emerging  from  which  it  joinn  the  vena  cava 
inferior.  Before  the  08t«hlishinent  of  the  vena  cava  inferior,  the  vem*- 
revehentes,  carrying  back  the  bhxHl  which  cii-culates  through  the  hepatic 
capillaries,  join  the  dnctus  venosus  close  to  its  exit  from  the  liver.  B^y 
the  time  however  that  the  veuH  cava  bus  l)ecomo  a  large  and  important 
vessel  it  is  found  that  the  ven«  revehentes,  or  as  we  may  now  call  them 
the  hfpaiie  veiae,  have  shifted  their  embouchment,  and  now  fall  directly 
into  that  vein,  the  ductus  venosus  making  a  separate  junction  rather  higher 
np  (tig.  372,  HF}. 

This  Htate  of  things  continues  with  but  slight  changes  till  near  the  erid 
of  incubatt'in,  when  the  chick  begins  to  breathe  the  air  in  the  air-cham1>er 
of  tho  shell,  and  i-espiratiou  u  no  longer  carried  on  by  the  alhmtois.  Blood 
then  ceases  to  flow  along  the  allantoic  vessels ;  they  lieoome  obliterated. 
The  vitelline  vein,  which  as  the  yolk  becomes  gradually  absorbed  propor- 
tionately diminishes  in  size  and  importance,  cornea  to  appear  as  a  mere 
bniuoh  of  the  portal  vein.     The  ductus  venodus  becomes  obliterateil ;  an<l 


a  a  i: 
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PlO.  .?T!I.       DlAOBAM    OF    THE    DBTELOPUEVT    OT    THR    PATBRD    VS!tOIIB    BTSTtEH    or 

Mamhau  (Uan).      (From  Ocgenbaai.) 
j.  j (malar  vein ;  ei.  vena  eava  superior ;  i.  BubclaviBn  veioE ;  e.  posterioT  car\^inBl 
vain ;  e.  vertebral  vein  ;  ai.  azyKon  vein  ;  cor.  coronary  vein. 

A.  Stage  io  wbioh  the  cardinal  veins  have  already  digappeared.  Their  position  is 
indicated  by  doited  linea. 

B.  Later  Btage  when  tlie  blool  from  the  left  jugular  vein  is  carried  into  the  Tigbi 
to  form  the  aingle  tens  cava  superior ;  a  remnant  of  the  left  BUperior  cava  beiug  liow- 
ever  atUI  left. 

C.  Statie  after  the  left  vertebral  vein  has  diiappeared ;  tbe  right  vertebral  remain- 
ing an  the  azygos  vein.  The  coronary  vein  remainB  a«  the  la«t  remnant  of  tbe  left 
superior  vena  cava. 
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hence  the  whole  of  the  Wood  coming  through  the  portal  vein  flows  into  the 
substance  of  the  liver,  and  so  hj  the  hepatic  veins  into  the  vena  cava. 

Although  the  allantoic  (anterior  abdominal)  vein  is  obliterated  in  the 
adult,  there  is  nevertheless  established  an  anastomosis  between  the  portal 
system  and  the  veins  bringing  the  blood  from  the  limbs  to  the  vena  cava 
inferior,  in  that  the  caudal  vein  and  posterior  pelvic  veins  open  into  a 
vessel,  known  as  the  coccygeo-mesenteric  vein,  which  Joins  the  portal 
vein ;  while  at  the  same  time  the  posterior  pelvic  veins  ai-e  connected  with 
the  common  iliac  veins  bv  a  vessel  which  unites  with  them  close  to  their 
junction  with  the  coficygeo-mesenterie  vein. 

Mammalia,  in  Mammals  the  same  venous  trunks  are  developed  in 
the  embryo  aa  in  other  types  (fig.  373  A).  The  anterior  cardinals  or 
ext«mal  jugulars  form  the  piimitive  veins  of  the  anterior  part  of  the  body, 
and  the  internal  jugulars  and  anterior  veit«brals  are  subsequently  formed. 
The  aubolaviane  (iig.  373  A,  «),  developi-d  on  the  formation  of  the  anterior 
limbs,  also  pour  their  blood  into  these  primitive  trunks.  In  the  lower 
Mammalia  (Munotremata,  Marsupialia,  Insectivora,  some  Rodentia,  etc) 
the  two  ductus  Cuvieri  remain  as  the  two  superior  vente  cavie,  but  more 
usually  an  anastomosis  arises  between  the  right  and  left  innominate  veins, 
and  eventiiMlly  the  whole  of  the  blood  of  the  left  superior  cava  is  carried 


to  the  right  side,  and  there 
6  and  C).  A  small  rudiment  of  the 
left  superior  cava  I'emains  however  as 
the  sinus  coronarins  and  receiveH 
the  coronary  vein  from  the  heart 
(tiga.  373  C,  cor  and  374,  m). 

The  posterior  cardinal  veins  form 
at  first  the  only  veins  receiving  the 
blood  from  the  posterior  part  of  the 
trunk  and  kidneys;  and  on  the  deve- 
lopment of  the  hind  limbs  receive  the 
blooil  from  them  aluo. 

As  in  the  types  ali'eady  described 
an  unpaiied  vena  cava  inferior  becomes 
eventually  developed,  and  gradually  car- 
ries off  a  lai-ger  and  lai^er  portion  of 
the  blood  originally  returned  by  the 
posterior  cardinals.  It  unites  with  the 
common  stem  of  the  allantoic  and  vitel- 
line veins  in  front  of  the  liver. 

At  a  later  period  a  pair  of  trunks 
ia  established  bringing  the  blood  from 
the  posterior  part  of  the  cardinxl  veins 
and  the  crural  veins  directly  into  the 
vena  cava  inferior  (fig.  374,  U). 


a  single  superior  cava  (fig.  373 


TENOUR  THDMRS  Or  M*N.     (From  Oe- 
genbftnr.) 

ct.  vena  cava  BTiperior ;  t.  sub- 
clavian TBJn ;  ji.  intecnal  jugular ;  jV. 
eitemol  jugalar  ;  cu.  az^gosTeia  ;  ha. 
hemiozjijOB  vein;  c.  dotted  lies  ^ew- 


vessels,  whose  development  has  not  been      ing  previonn  position  of  cardinal  veil 


adequately  inveHtigated,  form  the 
mon  ilinc  veins,  while  the  posterior  ends 
of  the  cardinal  veins  which  j'^in  them 
become  the  hy|Kigastric  veins  (fig.  374 
hy).     Owing  to  the  development  of  the 


inferior  ;  r.  renal  vi 
t(.   iliac ;    hy.   hypogaetrio  vsinn ;    h. 

The  dotted  lines  ahsw  the  position 
of  embiTMiia  vensels  aborted  in  tbe 
adult. 
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common  iliao  reioB  there  is  no  reotil  purtal  system  like  that  of  the  Reptilift 
and  Amphibia. 

FoBterior  vertebral  veins,  aimilar  to  those  of  Reptilia  and  Birds,  are 
established  in  connection  with  the  intercostal  and  lumbar  veins,  and  UDitu 
anteriorly  with  the  front  jmrt  of  the  posterior  cardinal  veins  (fig.  373  A)'. 

On  the  formation  of  the  posterior  vertebral  veins,  and  as  tlie  inferior 
vena  cava  becomes  mure  important,  thtt  middle  pai-t  of  the  poeterior  cai^ 
diiials  beoomee  completely  aborted  (fig.  374,  e),  tihe  anterior  and  posterior 
parts  still  persisting,  the  former  aa  the  oontinuatious  of  the  poaterior 
vertebrals  into  the  anterior  vena  cava  (oz),  the  latter  ss  the  hypogastric 
veins  (Ay). 

Though  in  a  few  Mammalia  both  the  posterior  vertebrals  penust,  a 
transverse  connection  is  usually  established  between  them,  Etnd  the  one  (the 
right)  becoming  the  more  important  constitutes  the  azygos  vein  (fig.  374,  az), 
\he  peraitrtjing  part  of  the  left  forming  the  hemiazygos  vein  {ha). 

The  remainder  of  the  venous  BjBt«-m  is  formed  in  the  embryo  of  the 
vitelline  and  allantoic  veins,  the  former  being  eventually  joined  by  the 
mesenteric  vein  so  as  to  constitute  the  portal  vein. 

The  vitelline  vein  is  the  first  part  of  this  system  established,  and  divides 
near  the  heart  into  two  veins  bringiug  back  the  blood  from  the  yolk-sack 
(umbilical  vesicle).     The  right  vein  soon  however  aborts. 

The  allantoic  (anterior  abdominal)  veins  are  originally  paired.  They 
are  developed  very  early,  and  at  first  course  along  the  still  widely  open 
somatic  walls  of  tJie  body,  and  fall  into  the  single  vitelline  trunk  in  front. 
The  right  allantoic  vein  disappears  before  long,  and  tlie  commou  trunk 
formed  by  the  junction  of  the  vitelline  and  allantoic  veins  becomes  con- 
siderably elongated.     This  trunk  is  soon  envela])ed  by  the  liver. 

The  succeeding  changes  have  been  somewhat  differently  described  by 
Kblliker  and  Bathke.  According  to  the  former  the  common  trunk  of  the 
allantoic  and  vitelline  veins  in  its  passage  through  the  liver  gives  off 
branches  to  the  liver,  and  also  receives  branches  from  this  organ  near  its 
■Ulterior  exit  The  main  trunk  is  however  never  completely  aborted,  as 
in  the  embryos  of  other  types,  but  remains  as  the  ductus  venosus 
Arantii. 

With  the  development  of  the  placenta  the  allantoic  vein  beoomes  the 
main  source  of  the  ductus  venosus,  and  the  vitelline  or  portal  vein,  as  it 
may  perhaps  be  now  conveniently  called,  ceases  to  join  it  directly,  hut  &lls 
into  one  of  its  bi-anches  in  the  liver. 

The  vena  cava  inferior  joins  the  continuation  of  the  ductus  venosus  in 
front  of  the  liver,  and,  as  it  becomes  more  important,  it  receives  directly 
the  hepatic  veins  which  originally  brought  back  blood  into  the  ductus 
venosus.  The  ductus  venosus  becomes  moreover  merely  a  bmall  branch  of 
the  vena  cava. 

At  the  close  of  fatal  life  the  allantoic  vein  becomes  obliterated  np  to 
its  place  of  entrance  into  the  liver;  the  ductun  venoHUs  beoomes  a  solid 
cord — the  so-called  round  ligament — and  tlie  whole  of  the  venous  blood  is 
brought  to  the  liver  by  the  portal  vein*. 

>  Batbke,  as  meationed  above,  holds  that  in  the  Bottka  the  front  jwrt  of  the 
IWBterior  oardinsla  completely  sborts.  Further  inveBtigatiouB  are  required  to  shew 
wbeth«r  there  reallj  is  a  diSereoce  between  Mammalia  and  BcptilU  in  thia  matter. 

■  Aocording  to  Bathke  the  original  truuk  aoaneating  the  allantoic  vein  diieotlj  with 
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Owing  to  the  allantoic  (aaterior  abdominal)  vein  having  merel}'  a  fceta] 
(■xistence  an  anastomosis  between  tbe  iliac  veins  and  the  portal  system  by 
means  of  the  anterior  abdominal  vein  is  not  eetablished. 

B1BUOORA.PHY  of  the   Venous  System. 

(408)  J.  MarBhall.  "On  the  developmeiit  of  the  great  anterior' veini."  Phil. 
Tram.,  1B69. 

Ugg)  H.  Bathke.  "Ueh.  d.  Bildaag  d.  Ftortader  n.  d.  Leberrenen  b.  BKttge- 
(hieren."    MecktVi  AreJiiv,  1830. 

(500)  H.  Bathke.  "Ueb.  d.  Ban  u.  d.  Entniok.  d.  TaneiiByBtemB  d.  Wirbel- 
thiere."    Berielil.  Bb.  d.  natarh.  SaniTtar.  d.  Univ.  KAmgiberg,  18SB. 

ride  also  Yon  Baer  (No.  191),  OOttetNo.  jg6t,  SSUlkei  (Ho.  ig8),  and  Bathke  (Noe. 
199,  300,  and  301). 

Lymphatic  8i/etem. 

The  lymphatic  Byxtem  arises  from  spaces  in  the  general  parenchyma 
of  the  body,  independent  in  their  origin  of  the  tme  body  cavity,  though 
communicating  both  with  tlus  cavity  and  with  the  vaocular  ayetcm. 

In  all  the  true  Vertebrata  certain  parts  of  the  system  form  definite 
trunks  communicating  with  the  venous  system ;  and  i«  the  higher  types 
the  walls  of  tlie  main  Ijmpliatio  trunks  become  quite  distinct. 

But  little  is  known  with  reference  to  the  ontogeny  of  the  lymphatic 
vessels,  but  they  originate  late  in  larval  life,  and  have  at  first  the  form  of 
simple  intercellular  spaces. 

The  lymphatic  glands  appear  to  originate  from  Ijmphatic  plexnses,  the 
cells  of  which  produce  lymph  cor  pusclea.  It  is  only  in  Birds  and  Mammals, 
and  especially  in  the  latter,  l^at  ^e  lymphatic  glands  form  definite 
structures. 

The  Spleen.  The  spleen,  from  ita  structure,  must  be  classed  with  the 
lymphatic  glands,  though  it  has  definite  relations  to  the  vascular  system. 
It  is  developed  in  tiie  mesoiilast  of  the  mesogastrium,  usually  about  the 
same  time  and  in  close  connection  with  the  pancreas. 

According  to  Mailer  and  Peremeschko  the  mass  of  raesoblaJ>t  which 
forms  the  spleen  becomes  early  separated  by  a  groove  on  the  one  side  from 
the  pancreas  and  on  the  other  from  the  mesentery.  Some  of  its  cells 
become  elongated,  and  send  out  processes  which  uniting  with  like  pro- 
cesses from  other  cells  form  the  trabecular  e^st^m.  from  the  remainder 
of  the  tissue  are  derived  the  cells  of  the  spleen  pulp,  which  frequently 
contain  more  than  one  nnclenn.  Especial  accumulations  of  these  cells  take 
place  at  a  later  period  to  form  the  so-called  Mal^nghian  corpuscles  of  the 
spleen. 

BiBLiOGEAPHY  of  Spleen. 


S'lprarenal  bodies. 
In  Elasmubranoh  Fishes  two  distinct  seta  of  atructurea  are  found,  both 
of  which  have  been  called  suprarenal  bodiea      As  shewn  in  the  sequel 
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both  of  these  stnicturee  probably  unite  in  the  higber  types  to  form  tbe 
suprarenal  bodies. 

One  of  them  consists  of  a  series  of  paired  bodies,  situated  on  the 
branches  of  the  dorsal  aorta,  aegmentally  arranged,  and  forming  a  chain 
extending  from  close  behind  the  heart  to  the  hinder  end  of  the  body  cavity. 
Each  body  ia  formed  of  a  aeriea  of  lobes,  and  exhibits  a  well-marked 
distinction  into  a  corticai  layer  of  columnar  cells,  and  a  medullary  sub- 
stance formed  of  irregular  ]>olygonal  cells.  As  first  shewn  by  Leydig,  they 
are  cloeely  connected  with  the  sympathetic  ganglia,  and  UHually  contain 
numerous  ganglion  cells  distributed  amongHt  the  proper  cells  of  the  body. 

The  second  body  consists  of  on  unpaired  column  of  cells  placed  between 
the  dorsal  aorta  and  unpaired  caudal  vein,  and  bounded  on  each  side  by 
the  posterior  parts  of  the  kidney.  I  propose  to  call  it  the  interrenal 
body.  In  front  it  overlaps  the  pair^l  suprarenal  bxlies,  but  does  not 
unite  with  them.  It  is  formed  of  a  series  of  well-marked  lobules,  etc  Tn 
the  fre*h  state  Leydig  (No.  506)  finds  that  "fut  molemlea  form  the  chief 
mass  of  the  body,  and  one  finds  freely  imbedded  in  them  clear  vesicular 
nuclei"  As  may  easily  be  made  out  from  hardened  Hpecimens  it  is  in- 
vested by  a  tunics  propria,  which  gives  off  ECjita  dividing  it  iutu  well- 
marked  areas  filled  with  polygonal  cells.  These  cells  constitute  the  true 
parenchyma  of  the  body.  By  the  ordinary  methods  of  hardening,  the  oil 
globidea,  with  which  they  are  filled  in  the  ft-esh  state,  completely  disappear. 

The  paired  suprarenal  bodies  (Balfour,  Jfo.  292,  pp.  242—214)  are  de- 
veloped troiii  the  sympathetic  ganglia.  These  ganglia,  shewn  in  an  early  stage 
in  fig.  380  »y.g,  become  gradually  divided  into  a  ganglionic  [lart  and  aglandular 
part.  The  former  constitutes  the  sympathetic  ganglia  of  the  adult ;  the  latt«r 
the  true  paired  suprarenal  bodies.  The  interrenal  body  is  however 
developed  (Balfour,  No.  292,  pp.  245 — 247)  from  indifferent  meeobtaat  cells 
between  the  two  kidneys,  in  the  same  situation  as  in  the  adulL 

The  development  of  the  suprarenal  bodies  in  the  Amniota  has  been 
most  fully  studied  by  Biaun  (No.  503)  in  the  Reptilia. 

In  Lacertilia  they  consist  of  a  pair  of  elongated  yellowish  bodies, 
placed  between  the  vena  renalia  revebens  and  the  generative  glands. 

They  are  formed  of  two  constituent,  viz.  (1)  raasses  of  brown  cells 
placed  on  the  dorsal  side  of  the  organ,  which  stain  deeply  with  chromic  acid, 
like  certain  of  the  cells  of  the  siiprareoala  of  Mammalia,  and  (2)  irregular 
cords,  in  part  provided  with  a  lumen,  tilled  with  fat-like  globules  ,  amongst 
which  are  nuclei.  On  treatment  with  chromic  acid  the  Eat  globules  dis- 
appeur,  si\d  the  coiiis  break  u]j  into  bodies  resembling  columnar  cells. 

The  dorsal  masses  of  brown  cells  are  developed  from  the  sympathetic 
ganglia  in  tiie  same  way  as  the  pKred  suprarenal  bodies  of  the  Ellaamo- 
branchii,  while  the  cords  filled  with  fat-like  globules  are  formed  of  in- 
different mesoblost  cells  as  a  thickening  in  the  lateral  walls  of  the  inferior 
vena  cava,  and  the  cardinal  veins  continuous  with  it  The  observations  of 
Bnmn  (No.  504)  on  the  Chick,  and  Kolliker  (No.  298,  pp.  953—955)  on  the 
Mammal,  add  but  little  to  those  of  Braun.  They  shew  that  the  greater 
part  of  the  gland  (the  cortical  substance)  in  these  two  types  is  derived  fi-om 
the  meaoblast,  and  that  the  glands  are  closely  connected  with  svmpathetic 
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g&nglia ;  while  Kblliker  also  stfttas  that  the  posterior  part  of  the  organ  la 
uapaired  in  the  embryo  mbbit  of  16  or  17  days. 

The  atnictare  and  development  of  what  I  have  called  tJie  inteirenal 
body  in  EUaamobranchii  so  oloaely  correspond  with  that  of  the  mesoblastic 
part  of  the  suprarenal  bodies  of  the  Repbilia,  that  I  have  very 
little  hesitation  in  regarding  them  as  homologoaa';  while  the  paired 
bodies  in  EluBmobranctiii,  derived  from  the  Bym|)athetic  ganglia,  dearly 
correspond  with  the  part  of  the  BUjirarenals  of  Rieptilia  having  a  similar 
oi'igin ;  although  thu  anterior  pajlB  of  the  paired  suprarenal  bodies 
of  Piahea  have  clearly  become  aborted  in  the  higher  types. 

In  Eiasmobranch  Fishes  we  thus  have  (1>  a  series  of  paired 
bodies,  derived  from  the  sympathetic  ganglia,  and  (2)  an  un- 
paired body  of  mesoblastic  origin.  Id  the  Amniota  these  bodies 
unite  to  form  the  compound  suprarenal  bodies,  the  two  consti- 
tuents of  which  remain,  however,  distinct  in  their  develop- 
ment The  mesoblaatic  constituent  appears  to  form  the  cortical 
part  of  the  adult  suprarenal  body,  and  the  nervous  constituent 
the  medullary  |>art. 

BlBLloORAPaT  of  the  Suprarenal  bodies. 

(S°3)  M.  Biaan.  "Ban  n.  Entwick.  d. Kebennieien  bei  Reptilien."  Arbeit,  a. 
d.  tool.-toot.  /nXi'lut  fFenburg,  Vol.  v.  1876. 

(504.)  A.  T.  Btnnn.  "Em  BeUriig  t.  EenDtnias  d.  feinem  Baoes  n.  i.  Entwick. 
d.  NsbeiuuereD."    Archivf.  mikr.  Anat.,  Vol.  Ttii.  1S73. 

(505)    Ft.  Leydig.     Unttriveh.  Ob.  PUckt  u,  RtptiUtn.    Berlin,  1863. 

(506I    Fr.  Leydig.    Boehen  u.  HaU.    Leipsig,  18£2. 
Ff'dralBoF.H.  Balfour  (No.  191),  KSlliker  (No.  198),  Bemak  (No.  301),  et«. 

I  The  (aot  of  the  organ  being  unpaired  in  Elasmobranchit  and  pairad  in  the 
Amniola  is  of  no  importance,  as  ia  ahewn  by  the  fact  that  part  of  tbe  organ  ia  onpslred 
in  the  Babbit. 
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CHAPTER  XXII. 

THE  MUSCULAR  SYSTEM. 


In  all  the  Cceleatemta,  except  the  Ctenophora,  the  contractile 
elements  of  tlie  body  wall  consist  of  filiform  processes  of  ectodermal 
or  entodermal  epithelial  cells  (figs.  375  and  376  B).  The  elements 
provided  with  these  processes,  which  were  first  discovered  by  Kleinen- 
berg,  are  known  as  myo-epitheliat  cells.  Their  contractile  parts 
may  either  be  striated  {fig.  376)  or 
non-striated  (fig.  375).  In  some  in- 
slaoces  the  epithelial  part  of  the  cell 
may  nearly  abort,  its  nucleus  alone  re- 
maining (fig.  376  A) ;  and  in  this  way 
a  layer  of  muscles  lying  completely 
below  the  surface  may  be  established. 

.,.fi°;."w;r,..  "J^'^l'^™  "■  There  is  embryological  evidence  of 

CEij.a  OP  Hyde*.    (From  Gegen-      .,,...         e.t:        ,      .  i 

baar ;  after  Eldnenberg.)  the  denvatlott  Of  the  Voluntary  musculaT 

tn.  oontractiio  fibre*.  system  of  a  large  number  of  types  from 

myo-epithelial  cells  of  this  kind.  The 
more  important  of  these  groups  are  the  Cbietopoda,  the  Gephyrea, 
the  Chastognatha,  the  Nematoda,  and  the  Vertebrata', 

While  there  is  clear  evidence  that  the  muscular  system  of  a  large 
number  of  types  is  composed  of  cells  which  had  their  origin  in  myo- 
epithelial cells,  the  mode  of  evolution  of  the  muscular  system  of  other 
types  is  still  very  obscure.  The  muscles  may  arise  in  the  embryo  from 
amoeboid  or  indifferent  cells,  and  the  Hertwigs'  hold  that  in  many  of 
these  instances  the  muscles  have  also  pbylogenetically  taken  their 
origin  from  indifferent  connective  tissue  cella  The  subject  is  how- 
ever beset  with  very  serious  difficulties,  and  to  discuss  it  here  would 
carry  me  too  far  into  the  region  of  pure  histology. 

■  If  recent  BtatementB  ot  Hetwbnikoff  are  to  be  trusted,  the  Ecfainodsmutt*  mnat 
be  added  to  these  gronpe.  The  amceboid  oells  stated  in  the  firet  voliuue  of  this 
tMatiae  to  form  the  mnscke  in  this  group,  on  tiie  authorit?  of  Belenka,  give  rise,  aceord- 
iDg  to  MetBohnikoff,  only  to  the  outis,  while  the  Hame  natnraliBt  statee  the  epithelial 
cells  of  the  vasoperitooeal  vesiclea  are  provided  with  muscular  tails. 

1  O.  and  B.  Hertwig,  Die  Calomlheorie.     Jena,  1881. 
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The  voluntary  rmtacuXar  systevi  of  the   Chordata. 
The  muBcnlar  fibrei.     The  muHcular  elementa  of  the  Chordata 
uadoubtedly   belong   to   the   myu-epithelial  type.     The  embryonic 


Via.  876.    Muscle- CKI.U  or  Lizzu  KSluuxt.    (From  Lankester;  after 
O.  Bud  B.  Heitwig.) 

A.  Mnsole-oell  from  the  circular  fibres  of  the  nibambrella. 

B.  H;d- epithelial  cells  from  the  baee  of  a,  tentacle. 

mUBcle  cells  are  at  first  simple  epithelial  cells,  but  soon  become 
spin  (lie-shaped  :  part  of  their  protoplasm  becomes  differentiated  into 
longitudinally  placed  striated  muscular  fibril»,  white  part,  enclosing 
the  nucleus,  remains  indifferent,  and  constitutes  the  epithelial  ele- 
ment of  the  cells.  The  muscular  flbrils  are  either  placed  at  one  side 
of  the  epithelial  part  of  the  cell,  or  in  other  instances  (the  Lamprey, 
the  Newt,  the  Sturgeon,  the  Babbit)  surround  it.  The  latter  ar- 
nmgement  is  shewn  for  the  Sturgeon  in  6g.  57. 

The  number  of  the  fibrils  of  each  cell  gradually  increases,  and 
the  protoplasm  diminishes,  so  that  eventuiuly  only  the  nucleus,  or 
nuclei  resulting  from  its  division,  are  left.  The  products  of  each  cell 
probably  give  rise,  in  conjunction  with  a  further  division  of  the 
nucleus,  to  a  primitive  bundle,  which,  except  in  Amphioxus,  Fetro- 
myzon,  etc,  is  surrounded  by  a  special  investment  of  sarcolemma. 

Tho  voltintaiy  mnscalu*  BTBtem.  For  the  purposes  of  descrip- 
tion the  ntuscular  system  of  tne  Vertebrata  may  conveniently  be 
divided  into  two  sections,  viz.  that  of  the  head  and  that  of  the  trunk. 
The  main  part,  if  not  the  whole,  of  the  muscular  system  of  the  trunk 
is  derived  from  certain  structures,  known  as  the  musde-plates, 
which  take  their  origin  from  part  of  the  primitive  mesoblastic 
somites. 

It  has  already  been  stated  (pp.  2*3 — 2i6)  that  the  mesobliuttic 
somites  are  derived  from  the  dorsal  segmented  part  of  the  primitive 
mesoblastic  plates.  Since  the  history  of  these  bodies  is  presented 
in  its  simplest  form  in  Elasmubranchii  it  will  be  convenient  to  com- 
mence with  this  group,  Each  somite  is  composed  of  two  layers — a 
somatic  and  a  splanchnic — both  formed  of  a  single  row  of  c(^imnar 
cells.  Between  these  two  layers  is  a  cavity,  which  is  at  first  directly 
continuous  with  the  general  body  cavity,  of  which  indeed  it  merely 
forms  a  specialized  part  (fig.  377).  Before  long  the  cavity  becomes 
however  completely  constricted  off  from  the  permanent  body  cavity. 
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Very  early  {fig,  377)  the  inner  or  splanchnic  wall  of  the  somites 
loses  its  simple  constitution,  owing  to  the  middle  part  of  it  under- 
going peculiar  changes.  The  meaning  of  the  changes  is  at  once 
shewn  by  longitudinal  horizontal  sections,  which  prove  (fig.  378)  that 
the  cells  in  this  situation  {mp)  have  become  extended  in  a  longi- 
tudinal direction,  and,  in  fact,  form  typical  spindle-shaped  embryonic 
muscle-cells,  each  with  a  large  nucleus.  Every  muscle-cell  extends 
for  the  wliole  length  of  a  somite.  The  inner  layer  of  each  somite, 
immediately  within  the  muscle-band  just  described,  begins  to  pro- 
liferate, and  produce  a  mass  of  cells,  placed  between  the  muscles 
and  the  notochord  ( Vr).  These  cells  form  the  commencing  vertebral 
bodies,  and  have  at  first  (fig.  378;  the  same  s^mentation  as  the 
somites  from  which  they  sprang. 

After  the  separation  of  the  vertebral  bodies  from  the  somites, 
the  remaining  parts  of  the  somites  may 
be  called  muscle-plates ;  since  they  be- 
come directly  converted  into  the  whole 
voluntary  muscular  system  of  the  trunk 
(Eg.  370,  mp). 
.„P  According  to  the  statenienta  of  Bambeke 

and   Gijtte,   the   Amphibians   present   some 
"P         noticeable  peculiarities  in   the  development 
of  their  muscalarBysttun,  in  that  Buch  distinct 
X  muscle-plates  as   those  of   other   vertebrate 

at  ar  types  are  not  developed.     Each  aide-plate  of 

mesoblaflt  ia  divided  iuto  a  somatic  and  a 
"P  splancliuic  layer,  continuous  throughout  the 
vertebral  and  parietal  portions  of  the  plate. 
The  vertebral  portions  (somites)  of  the  plates 
soon  become  separated  Irom  the  parietal,  and 
form  indepeadi-nt  masses  of  cells  c  instituted 
of  two  layers,  which  were  originally  con- 
tinuous with  the  suiiiutic  and  splanchnic  layers 
of  the  parifttul  plates  (fig.  79).  The  outer  or 
somatic  layer  of  the  veitebral  plates  is  formed 
of  a  single  row  of  cells,  but  the  inner  or 
splanchnic  layer  is  made  up  of  a  kernel  of 
cells  on  the  side  of  the  somatic  layer  and 
an  inner  layer.  The  kei-nul  of  the  splanchnic 
layer  and  the  outer  or  somatic  layer  together 
correspond  to  a  muscle-plate  of  other  Verte- 
brata,  and  exhibit  a  similar  segmentation. 

Osseous  fishes  are  stated  to  agree  with 
Amphibians  in  the  development  of  thuir 
Homitefi  and  muscular  system',  but  further  observations  on  this  point  are 
lequired. 

In  Birds  the  horizontal  splitting  of  the  mesoblast  extends  at  first  to  the 
dorsal  summit  of  the  mesoblastic  plates,  but  after  the  isolation  of  the 

'  Ebrlioh,  "  Uebcr  den  peripber.  Theil  J.  Utwirbcl."    Archiv  f.  niicr.  J  riot..  Vol.  it. 


la.  377.    TiuNSVE 


f  lo.  28  E. 

nc,  Deural  canal ;  pr.  pos- 
tarior  root  of  apinal  nerve  ;  i. 
HDbnotochordal  rod;  ao.  aorta; 
(C.  Bomatic  mcBoblast ;  tp. 
gplaiiclinic  mesolilaBt;  mp. 
iDDHCleplate  ;  mp'.  portion  of 
iQusclU' plate  converted  into 
mnscle ;  I  'ii.  portion  ol  the 
vertebral  plate  which  will  give 
riHC  to  the  vertebral  bodies;  al. 
alimentary  tract. 
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aomites  the  aplit  between  the  eomatic  and  splanchnic  layers  becomes  to  a 

Urge  extent  obliterated,  tbough  in 

the  anterior  Romiteg  it  appears  in 

part  to  persist.  The  somites  on  the  y» 

seoond  ia,y,  as  seeu  in  a  transverse  ,^- 

uectioD{fig.  11 5, /".v.),  are  somewhat 

qiiadriliiteral  in  form  but  broader 

than  they  are  deep. 

Ench  at  that  time  consists  of  a 
somewhat  thick  cortex  of  radiating 
rather  granular  columnar  cells,  en- 
olosisf  a  small  kernel  of  spherical 

cU.^'Tb.,   .„  not  „  L,  b.     ../-"/."i.^-— .■,-SSJrZ" 
seen  in  the  above  figure,  completely     bidbbably  tounoeb  mxv  28  P. 
separated  from  the  veniral  (or  late-  The  section  is  Uken  k(  the  level  of  the 

ral  as  they  are  at  this  ]>eriod)  parts  notoehord,  and  ahewa  the  separation  of  the 
of  the  mesoblastic  plate,  and  the  "^Ub  to  form  the  vertebral  bodies  from  the 
dorsal  and  outer  layer  of  the  cortex     °"'«'=1^- ?'"■*«■ 

of  the  somifa-s  is  continuous  with  ,  ^""^,^''^-^"''"*'/';'}i^""^,' 
.,  .    ,  ,  11     .    ..1.        of  vertebral  bodj  i    ntp.  muBole-plate;   mp . 

the  somatic  layer  of  mesobUst,  the     poHioo  of  muscle-plate  already difterentiated 
remainder  of  the  crtex,  with  the     into  longitudinal  mnades. 
central    kernel,  being    continuous 

with  the  splanchnic  layer.  Towai-ds  the  end  of  the  second  and  bc^nning 
of  the  third  day  the  upper  and  outer  layer  of  the  cortex,  together  probably 
with  some  of  the  central  cells  of  the  kernel,  becomes  separated  off  as  a 
muBcle-plat«  (fig.  116).  The  muscle-plate  when  formed  (fig.  117)  is  found 
to  consist  of  two  layers,  an  inner  and  an  outer,  which  enclose  between 
them  an  almost  obliterated  central  cavity ;  and  no  sooner  is  the  muscle- 
plate  formed  than  the  middle  portion  of  tiie  inner  layer  hecomea  converted 
into  longitudinal  muscles.  The  avian  muscle-plates  have,  in  fact,  pre- 
cisely the  same  constitution  as  those  of  Elasmobranchii.  The  central 
space  is  clearly  a  remnant  of  the  vtrtebral  portion  of  the  body  cavity, 
which,  though  it  wholly  or  partially  disappeiirs  iu  a  previous  stage,  i*- 
apj>ears  again  on  the  formation  of  the  muscle-plate. 

The  remainder  of  the  somite,  afier  the  formation  of  the  muscle-plate, 
is  of  very  considerable  bulk ;  the  cells  of  the  cnil«K  belonging  to  it  lose 
their  disUnctive  characters,  and  the  m»jor  pan  of  it  becomes  the  vertebral 
rudiment. 

In  Mammalia  the  history  ap[>ears  to  be  generally  the  same  aa  in  Elas- 
mobranchii.  The  split  which  gives  rise  to  the  body  cavity  in  continued  to 
the  dorsal  summit  of  the  mes<iblastic  plates,  and  the  dorsal  portions  of  the 
plates  with  their  contained  carities  become  divided  into  somites,  and  are 
then  separated  off  from  the  ventral.  The  later  development  of  the  somites 
has  not  been  worked  out  with  the  requisite  care,  but  it  would  seem  that 
they  form  somewhat  cubical  bodies  in  which  all  ti'ace  of  the  primitive  slit 
is  lost.     The  further  development  resembles  that  in  Birds. 

The  first  cbaDges  of  the  mesoblastic  somites  and  the  formation  of 
the  muscle-plates  do  oot,  according  to  existinf;  statements,  take 
place  on  quite  the  same  type  throughout  the  Vertebrata,  yet  the 
comparison  which  has  been  instituted  between  Elasmobranchs  and 
other  Vertebrates  appears  to  prove  that  there  are  important  c 
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features  io  their  development,  which  may  be  regarded  as  primitive, 
and  as  having  been  inherited  from  the  ancestors  of  Vertebrates. 
These  features  are  (l)  the  extension  of  the  body  cavity  into  the 
vertebral  plates,  and  subaequeot  enclosure  of  this  cavity  between  the 
two  layers  of  the  muscle-plates ;  (2)  the  primitive  division  of  the 
vertebral  plate  into  an  outer  (somatic)  and  an  inner  (splanchnic) 
layer,  and  the  formation  of  a  lar^e  part  of  the  voluntary  muscular 
system  out  of  the  inner  layer,  which  in  all  cases  is  converted  into 
muscles  earlier  than  the  outer  layer. 

The  oonversioii  of  the  nmscle-plates  into  tnoscles.    It  will  be 
convenieat  to  commence  this  subject  with  a  description  of  the  changes 
which  take  place  in  such  a  simple  type 
as  that  of  the  Elasmobranchii, 

At  the  time  when  the  muscle-plates 
have    become    independent   structures 
they  form  flat  two-layered  oblong  bodies 
eoclosiDe  a  slit-like  central  cavity  (fig. 
^  279,  mp).    The  outer  or  somatic  wall 

is  formed  of  simple  epithelial -like  cells. 
The  inner  or  splanchnic  wall  has  how- 
■*■  ever  a  somewhat  complicated  structure. 

'"'  It  is  composed  dorsally  and  ventrally 

"  of  a  columnar  epithelium,  but  in   its 

^'f  middle  portion  of  the  muscle-cells  pre- 

viously spoken  of.     Between  these  and 
the  central  cavity  of  the  plates  the  epi- 
thelium forming  the  remainder  of  the 
'  layer   commences   to   insert   itself;   so 

that  between  the  first-formed  muscle 
and  the  cavity  of  the  muscle-plate  there 
appears  a  thin  layer  of  cells,  not  how- 
ever continuous  throughout. 

When  first  formed  the  muscle-plates, 
as  viewed  from  the  exterior,  have  nearly 
straight  edges  ;  soon  however  they  be- 
come bent  in  the  middle,  so  that  the 
edges  have  an  obtusely  angular  form, 
the  apex  of  the  angle  being  directed 
forwards.  They  are  so  arranged  that 
the  anterior  edge  of  the  one  plate  fits 
into  the  posterior  edge  of  the  one  in 
front.  In  the  lines  of  junction  between 
the  plates  layers  nf  connective  tissue  cells  appear,  which  form  the 
commencements  of  the  intermuscular  septa. 

The  growth  of  the  plates  is  very  rapid,  and  their  upper  ends 
soon  extend  to  the  summit  of  the  neural  canal,  and  their  lower  ones 
nearly  meet  in  the  median  ventral  line.  The  original  band  of 
muscles,  wliose  growth  at  first  is  very  slow,  now  increases  with  great 


Pia.  879.    Skctidn 

THE  TftDHK  OF  A  ScXUiIDH  BMBBYO 

ipj!.  spinal  oanal ;  W.  white 
nutter  of  BpimU  oord ;  pr.  poe 
rior  nerra-Toote  ;  ch.  notoollol 
X.  Bnb-notochordal  rod 
nip.  mascle-plBte ;  mp'.  inner  layer 
of  moBcle -plate  alread;  conveited 
into  mnsdes;  Yt.  mdiineat  of 
vertebral  body ;  tt.  Begmeotal 
tube;  td.  segmental  doct;  tp.v. 
Hpiral  valve ;  i>.  eubintesUnal  vein ; 
p.o.  primitive  generative  cells. 
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rapidity,  anJ  forms  the  nucleus  of  the  whole  voluntary  muscular 
system  (fig.  380,  mp').  It  extends  upwards  and  downwards  by  the 
contiauous  conversion  of  fresh  cells  of  the  splanchnic  layer  into 
muscle-cells.  At  the  same  time  it  grows  rapidly  in  thickness  by  the 
addition  of  fresh  spindle-shaped  muscle-cells  from  the  somatic  layer  as 
well  as  by  the  division  of  the  already  existing  cells. 

Thus  both  layers  of  the  musclsplate  are  concerned  in  forming  the 
great  longitudiruU  lateral  muscles,  tJiough  the  splanchnic  layer  is  con- 
verted into  muscles  very  much  sooTier  than  the  somatic^. 

Each  muscle-plate  is  at  first  a  continuous  structure,  extending 
from  the  dorsal  to  the  ventral  surface,  but  after  a  time  it  bt'comes 
divided  by  a  layer  of  connective  tissue,  which  becomes  developed  nearly 
on  a  level  with  the  lateral  line,  into  a  dorso-lateial  and  a  ventro- 
lateral section.  The  ends  of  the  muscle-plates  continue  for  a  long 
time  to  be  formed  of  undifferentiated  columnar  cells.  The  compli- 
cated outlines  of  the  inter- muscular  septa  become  gradually  esta- 
blished during  the  later  stages  of  development,  causing  the  well-known 
appearances  of  the  muscles  in  transverse  sections,  which  require  no 
special  notice  here. 

The  nmsdes  of  the  limbs.  'J  he  limb  muscles  are  formed  in 
Elasmohranchii,  coincidently  with  the  cartilaginous  skeleton,  as  two 
bauds  of  longitudinal  fibres  nu  the  dorsal  and  ventral  surfaces  of  the 
limbs  (fig.  346).  The  cells,  from  which  these  muscles  originate,  are 
derived  from  the  muscle-plates.  When  the  ends  of  the  muscle-plates 
reach  the  level  of  the  limbs  they  bend  outwards  and  enter  the  tissue  of 
the  limbs  (fig.  38fl).  Small  portions  of  several  muscle-plates  (mpl) 
come  in  this  way  to  be  situated  within  the  limbs,  and  are  very  soon 
segmented  off  from  the  remainder  of  the  muscle -plates.  The  portions  of 
the  muscle-plates  thus  introduced  soon  lose  their  original  distinctness. 
There  can  however  be  but  little  doubt  that  they  supply  the  tissue  for 
the  muscles  of  the  limbs.  The  muscle-plates  themselves,  after  giving 
off  buds  to  the  limbs,  grow  downwards,  and  soon  cease  to  shew  any 
trace  of  having  given  off  thei-e  buds. 

In  addition  to  the  longitudinal  muscles  of  the  trunk  just  described, 
which  are  generally  characteristic  of  Fishev,  there  is  found  in  Amphioxua  a 
peculiar  transverse  abdominal  muscle,  extending  from  the  mouth  to  the 
abdomitial  pore,  the  origin  of  wtiich  has  not  been  made  out. 

It  has  already  been  shewn  that  in  all  the  higher  Vertebrata 
muscle-plates  appear,  which  closely  resemble  those  in  Elasmohranchii ; 
80  that  all  the  higher  Vertebrata  pass  through,  with  reference  to  their 
muscular  system,  a  Hsh-like  stage.  The  middle  portion  of  the  inner 
layers  of  their  muscle-plates  becomes,  as  in  Elasmohranchii,   con- 

>  Tlie  brothers  Hertwig  haTe  reeeatly  maintained  that  onl;  the  inner  layer  of  the 
mmcle-platea  is  conveited  into  mnscles.  In  the  ElMmobranohB  it  ii  easy  to  de- 
manBtiate  the  ineotreotnesa  of  this  view,  and  in  Acipenser  {vide  flg.  57>  mp)  the  two 
Injers  of  the  muscle- plale  retain  their  original  relationa  after  the  sella  of  both  of  them 
hare  becoms  converted  into  moaoleB. 
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verted  into  muscles  at  a  very  early  period,  and  the  outer  layer  for  a 
long  time  remains  formed  of  indifferent  cells.  That  these  muscle- 
plates  give  rise  to  the  main  muscular  system  of  the  trunk,  at  any 


Fio.  380.    Thahsverse  section  turodob  tbb  AtnamoB  part  of  the  tbiink 

or   AH    EUBBIO    OF    SCYLLIDU    BLTOHTLY    aiJ>EH    THAN    no.  211  B. 

Tbe  aeotiou  is  diagrammatic  iD  bo  tiir  that  the  ulterior  neire-rootB  have  been 
inserted  for  the  wKole  length ;  whereas  they  jaiii  the  spinal  cord  lialf-wa,y  between  two 

ip.e.  spinBl  cord;  tp.g.  gnnglion  ot  posterior  root;  ar.  anterior  root;  dn.  dorsally 
ilirected  nerve  gpringinK  from  poBlerior  root;  mp.  mOBCle-plite;  mp'.  part  of  moBcle- 
plate  already  conveited  into  mascles ;  m.pl.  pait  of  muscle-plate  which  t^ves  rise  to 
the  muacles  of  the  limbs;  nl.  nervus  lateraUs ;  ao.  aorta ;  ck.  notoohord;  iy.g.  sym- 
pathetic ganglion:  ea.i'.  cardinal  lein;  ip.n.  spinal  nerve;  iiJ.  segmental  farchinephrio) 
duct;  tt.  Begmental  tube;  da.  duodenum;  pan.  pancreas;  hp.d.  point  of  jnuction  of 
hepatic  duct  with  duodenum;  unti:.  umbilical  canal. 
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rate  to  the  episkeletal  muscles  of  Huxley,  is  practically  certain,  but 
the  details  of  the  process  have  not  been  made  out 

In  the  Perennibranchiata  the  fish-like  arrangement  of  muBcles  ifi  re- 
tained through  life  in  the  tail  and  in  the  dorso-latera)  parts  of  the  trunk. 
In  tbe  tail  of  the  Amnintic  Vertehrata  the  primitive  arrangement  in  also 
more  or  lesa  retained,  and  the  same  holds  good  for  the  dorso-lateral  trunk 
muscles  of  tbe  Lacertilia  In  the  other  Amniota  and  the  Anura  the 
dorao-lateral  muscles  have  become  divided  up  into  a  Beries  of  separate 
muscles,  wliicb  are  aiTanged  in  two  main  layers.  It  is  phibable  that  the 
intercostal  muscles  belong  to  the  same  group  as  tbe  dorBn-lnteral  muscles. 

Tbe  abdominal  muscles  of  the  trunk,  even  in  the  lowest  Arajibibia, 
exhibit  a  division  into  several  lnysrs.  The  recti  abdoioinia  are  tbe  leafil 
altered  part  of  this  system,  and  UHunlly  retain  indications  of  tbe  pi-imitive 
inter-muscular  septa,  which  in  many  Amjibibia  and  Laceililia  are  also 
to  snme  extent  preserved  in  tbe  other  abdominal  muscles. 

In  the  Amniotic  Vertebrates  there  is  formed  underneath  the  vertebral 
column  und  the  (ransverce  processes  a  system  of  muscles,  forming  part 
of  the  hyposkeletal  system  of  Huxley,  and  called  by  Gegenbaur  tbe 
aubvertebrHl  muscleH.  The  development  of  this  system  has  not  been 
worked  out,  but  on  tiie  whole  I  am  inclined  to  believe  that  it  is  derived 
fi-om  tbe  muscle- plates.  Kbiliker,  Huxley  and  other  embryo! ofjists  believe 
however  that  these  muscles  aie  independent  of  the  muscle-plates  in  their 

Whether  the  muscle  of  the  diaphragm  is  to  be  placed  in  the  same 
category  as  the  hyposkeletal  muscles  has  not  been  made  nut 

It  is  probable  that  the  cutaneous  muscles  of  the  trunk  are  derived 
from  the  celU  given  off  from  tbe  muscle-plates.  KdlUker  however  believes 
that  they  have  an  iodependeot  origin. 

The  limb- muscles,  both  extrinsic  and  intrinsic,  as  may  be  concluded 
from  their  development  in  Elasmobrancliii,  are  derived  from  the  muscle- 
plates.  Kleinenbcrg  foimd  in  Lacertilia  a  growth  of  tbe  muscle-plates 
into  tbe  limbs,  and  in  Amphibia  Gotte  finds  that  the  outer  layer  of  the 
muBcle-plates  gives  rise  to  the  muiicl««  of  the  limbs. 

In  the  higher  Veitebrata  on  the  other  hand  the  entrance  of  tbe  muscle- 
plates  into  the  limbs  has  not  been  made  out  {Kiilliker).  It  seems  therefore 
probable  that  by  an  embryolc^cal  modification,  of  which  instances  are  so 
frequent,  the  calls  which  give  rise  to  the  muscles  of  the  hmbs  in  tbe  higher 
Vertebmta  can  no  Innger  be  traced  into  a  direct  connection  with  the  muscle- 
platea. 

The  &ymitee  atid  muscular  system  of  the  head. 
Theestensionof  the  somitee  to  the  anterior  end  of  the  body  la  Am- 
pbioxus  clearly  proves  that  somites,  similar  to  those  of  the  trunk,  were 
originally  present  in  a  region,  which  in  the  higher  Vertebrata  has 
become  ditferentiated  into  the  head.  In  the  adult  condition  no  true 
Vertebrate  exhibits  indications  of  such  somites,  but  in  the  embryos 
of  several  of  the  lower  Vertebrata  structures  have  been  found,  which 
are  probably  equivalent  to  the  somites  of  the  trunk :  they  have  been 
frequently  alluded  to  in  the  previous  chapters  of  this  volume.  The^e 
structures  have  teen  most  fully  worked  out  in  Elasmnbranchii. 
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The  meaoblast  in  ElEksmobranch  embryos  becomes  first  split  into 
somatic  aod  Hplaocbnic  layers  id  the  region  of  tbe  head;  and  between 
these  layers  there  are  formed  two  cavities,  one  on  each  side,  which 
end  in  front  oppoidite  the  blind  anterior  extremity  of  the  aUmentary 
canal;  and  are  continuous  behind  with  the  general  body  cavity  (fig. 
20  A,  vp).  I  propose  calling  them  th  e  head-cavities.  The  cavities 
of  the  two  sides  have  no  comDiunication  with  each  other. 

Coincidently  with  the  formation  of  an  outgrowth  from  the 
throat  to  form  tbe  first  visceral  cleft,  the  head-cavity  on  each  side 
becomes  divided  into  a  section  in  front  (^  the  cleft  and  a  section 
behind  the  cleft ;  and  at  a  later  period  it  becomes,  owing  to  the 
formation  of  a  second  cleft,  divided  into  three  sections:  (1)  a  section 
in  front  of  the  first  or  hyomandibular  cleft ;  (2)  a.  section  in  the 
hyoid  arch  between  the  hyomandibular  cleft  and  the  hyobrancbial  or 
first  branchial  cleft ;  (3)  a  section  behind  the  first  branchial  cleft. 

The  front  section  of  the  bead-cavity  grows  forward,  and  soon 
becomes  divided,  without  the  intervention  of  a  visceral  cleft,  into  an 
anterior  and  posterior  division.  Tbe 
anterior  lies  close  to  the  eye,  and  in 
front  of  the  commencing  mouth  in- 
volution. The  posterior  part  lies  com- 
pletely within  the  mandibular  arch. 

As  the  rudiments  of  the  successive 
visceral  clefts  are  formed,  the  posterior 
part  of  the  head -cavity  becomes  divided 
{  into   successive  sections,  there  being 

one  section  for  each  arch.  Thus  the 
whole  head-cavity  becomes  on  each 
side  divided  into  (1)  a  premandibular 
section ;  (2)  a  mandibular  section  (vide 
fig.  29  A,  pp);  (3)  a  hyoid  section; 
(4)  sections  in  each  of  the  branchial 
arcbes. 

The  first  of  these  divisions  forms 
a  space  of  a  considerable  size,  with 
epithelial   walls   of    somewhat    short 

,,   ,,    .       „   ,        ..  columnar  cells  ffi".  381,  1»»).     It  is 

hiud-brain.     It  Bhews  the   preman-        -.       .    j     i         .     il  :i 

dibularandmandibularhea/cavities  Situated  close  to  the  eye, and  presents 
\pp  and  app,  etc.  The  Beotion  U  a  rounded  or  sometimes  a  tnangular 
moreover  somewhat  obUqoe  from  aide  figm^g  j^  BOctJOn.  The  two  halves  of 
the  cavity  are  prolonged  ventralwards, 
and  meet  below  the  base  of  the  fore- 
brain.  The  connection  between  them 
appears  to  last  for  a  considerable 
time.  These  two  cavities  are  tbe  only 
parts  of  the  body  cavity  within  the 
head  which  unite  ventrally.  The  sec- 
tion of  the  head-cavity  just  described 


Fia.    381.    Tkahbtemb   i 


HEAD  or  A  lUUNO  PniBIIOnOR  BMBHTO. 

The  section,  owing  to  tbe  cnmial 
flexure,  cuts  lioth  tbe  fora-  and  the 
hiud-brain.     It  sbei 


fb.  foce-hrain  ;  I.  lens  of  eye ;  m. 
mouth ;  pt.  upper  end  of  mouth, 
fonaing  pituitary  involution;  loo- 
mandibular  aortic  arch ;  1pp.  and 
2pp.  first  and  second  head  cavittei ; 
\ve.  first  visceral  cleft;  V.  fifth 
nerve;  o«n.  auditory  nerve;  VII. 
seventh  nerve ;  aa.  dorsal  aorta ; 
aer.  anterior  cardinal  veini  ch, 
uotochord. 
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is  so  simitar  to  tlie  remaining  sections  that  it  must  be  cousidered 
as  serially  homologous  with  them. 

The  next  division  of  the  head-cavitj,  which  from  its  position  may 
be  called  the  mandibular  cavity,  presents 
a  spatulate  shape,  being  dilated  doreally, 
and  protiuced  veutrally  into  a  long  thin 
process  parallel  to  tb3  hyo mandibular  gill- 
cleft  (Gg.  tO,pp).  Like  tlie  previous  space 
it  is  lined  by  a  short  columnar  epithelium. 

The  mandibular  aortic  arch  is  situated 
close  to  its  inner  side  (lig.  381,  2pp).    After 
becoming  separated  from  the  lower  part 
(Uarshall),  the  upper  part  of  the  cavity 
atrophies  about  the  time  of  the  appear- 
ance of  the  external  gills.     Its  lower  part 
also  becomes  much  narrowed,  but  its  walls      . . 
ot  columnar  cell,  persist.     The  outer  or     ^^e.?  i  wl.'i^t^U  S 
somatic  wall  becomes  very  thin    indeed,     oeral  &rah;  oo.  aortic  arob. 
the  splanchnic  wall,  on  the  other  hand, 

thickens  and  forms  a  layer  of  several  rows  of  elongated  cells.  In 
each  of  the  remaining  arches  there  is  a  segment  of  the  original  body 
cavity  fundamentally  similar  to  that  in  the  mandibular  arch  (fig.  382). 
A  dorsal  dilated  portion  appears,  however,  to  be  present  in  the  third 
or  hyoid  section  alone  (fig  20),  and  even  there  disappears  very  soon, 
after  being  segmented  off  from  the  lower  part  ^Marshall).  The 
cavities  in  the  posterior  parts  of  the  head  become  much  reduced  like 
those  in  its  anterior  part,  though  at  rather  a  Inter  period. 

It  has  been  shewn  that  the  divisions  of  the  body  cavity  in  the 
head,  with  the  exception  of  the  anterior,  early  become  atrophied, 
not  so  however  their  walls.  The  cells  forming  the  walb  both  of 
the  dorsal  and  ventral  sections  of  these  cavities  become  elongated, 
and  finally  become  converted  into  muscles.  Their  exact  history 
has  not  been  followed  in  its  details,  but  they  almost  unquestionably 
become  the  musculus  contrictor  superficialis  and  musciilus  inter- 
branchialis' ;  and  probably  also  musculus  levator  mandibuli  and  other 
muscles  of  the  front  part  of  the  head. 

The  anterior  cavity  close  to  the  eye  remains  unaltered  much 
longer  than  the  remaining  cavities. 

Its  further  history  is  very  interesting.  In  my  original  account  of 
this  cavity  (No.  292,  p.  208]  I  stated  my  belief  that  its  walls  gave 
rise  to  the  eye-muscles,  and  the  history  of  this  process  has  been  to 
some  extent  worked  out  by  Marshall  m  bis  important  memoir  (No. 

Uarshall  finds  that  the  ventral  portion  of  this  cavi^,  whero  its 
two  halves  meet,  becomes  separated  from  the  remainder.   The  eventual 

'  Vide  Tetter,   "Die  Eiemen  nnd  Eietemiiiscalatai  d.  Fieche."    JenaiKhe  Zeit- 
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fate  of  tliis  part  has  not  liowever  beeo  followed.  Each  dorsal 
section  acquires  a  cup-like  form,  iavestiog  the  posterior  aod  iDner 
surface  of  the  eye.  The  cells  of  its  outer  wall  subsequeatly  give  rise 
to  three  sets  of  muscles.  The  middle  of  these,  partly  also  derived 
from  the  inner  walls  of  the  cup,  l>ecoraes  the  rectus  intemus  of  the 
eye,  the  dorsal  set  forms  the  rectus  superior,  and  the  ventral  the  rectus 
inferior.  The  obliquua  inferior  appears  also  to  be  in  part  developed 
from  the  walls  of  this  cavity.. 

Marshall  hriuga  evidence  to  shew  that  the  rectus  externua  (as 
might  be  anticipated  from  its  nerve  supply)  has  no  connection  with 
the  walls  of  the  premandibiilar  head -cavity,  and  finds  that  it  arises  close 
to  the  position  originally  occupied  by  the  second  and  third  cavities, 
llarahall  has  not  satisfactorily  made' out  the  moile  of  development  of 
the  obliquus  superior. 

The  walls  of  the  cavities,  whose  history  has  just  been  recorded, 
have  definite  relations  with  the  cranial  nerves,  an  account  of  which 
has  already  been  given  at  p.  379. 

Head-cavities,  in  the  main  similar  to  those  of  Elasmobranchii,  have 
been  found  in  the  embryo  of  Petromjzon  (tig.  45,  he),  the  Newt 
(Osborn  and  Scott),  and  various  Beptilia  (Parker). 
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CHAPTER  XXiri. 

EXCRETORY  ORGANS. 


ExcBETOBr  OT^DS  coQsist  of  coiled  or  branched  and  often  ciliated 
tubes,  witb  an  excretory  poTe  opening  on  the  outer  surface  of  the 
body,  and  as  a  rult;  an  internal  ciliated  orifice  placed  in  the  body- 
cavity.  In  forms  provided  witb  a  true  vascular  Byetem,  there  is  a 
special  development  of  capillaries  around  the  glandular  part  of  the 
excretory  organs.  In  many  instances  the  gl&ndnlar  cells  of  the  organs 
are  filled  with  concretions  of  uric  acid  or  some  similar  product  of  nitro- 
genous waste. 

There  is  a  very  great  morphological  and  physiological  simi- 
larity between  almost  all  the  forms  of  excretory  organ  found  in  the 
animal  kingdom,  but  although  there  is  not  a  little  to  be  said  for 
holding  all  these  ort^ns  to  be  derived  from  some  common  prototype, 
the  attempt  to  establish  definite  homologies  between  them  is  beset 
with  very  great  difficulties. 

Flatyeunintlies.  Throughout  the  whole  of  the  Platyelminthea 
these  organs  are  constructed  on  a  well-defined  type,  and  in  the 
Rotifera  excretory  organs  of  a  similar  form  tu  those  of  the  Platyel- 
minthes  are  also  present. 

These  oi^ans  {Fraipont.  No.  SU)  ai'e  more  or  less  distinctly 
paired,  and  consist  of  a  system  of  wide  canals,  ofien  united  into  a 
network,  which  open  on  the  one  hand  into  a  pair  of  large  tubes 
leading  to  the  exterior,  and  on  the  other  into  fine  canals  which 
terminate  by  ciliated  openings,  either  in  spaces  between  the  con- 
nective-tissue cells  (Platyelniinthes),  or  in  the  body-cavity  (Rotifera). 
The  fine  canals  open  directly  into  the  larger  ones,  without  first 
unitiog  into  canals  of  an  intermediate  size. 

The  two  large  tubes  open  to  the  exterior,  either  by  means  of  a 
median  poateriorly  placed  contractile  vesicle,  or  by  a  pair  of  vesicles, 
which  have  a  ventral  and  anterior  position.  The  former  type  is 
characteristic  of  the  majority  of  the  Trematoda,  Cestoda,  and  Roti- 
fers, and  the  latter  of  the  Nemertea  and  some  Trematoda.     In  the 
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Turbellaria  the  position  of  the  external  openings  of  tLe  system  is 
variable,  and  in  a  few  Cestoda  (Waguer)  there  are  lateral  openings 
on  each  of  the  successive  proglottides,  in  addition  to  the  terminal 
openings.  The  mode  of  development  of  these  organs  is  unfortuuately 
not  known. 

HoUmca.  In  the  MoUusca  there  are  usually  present  two  in- 
dependent pairs  of  excretoiy  organs — one  found  in  a  certain  number 
of  forms  during  early  larval  life  only',  and  the  other  always  present 
in  the  adult. 

The  larval  excretory  oi^n  has  been  found  in  the  pulmonate 
Gasteropoda  (Qegenbaur,  Fol',  Babl),  in  Teredo  (Hatschek),  and  pos- 
sibly also  in  Paluiiina.  It  is  placed  in  the  anterior  region  of  the  body, 
and  opens  ventrally  on  each  side,  a  short  way  behind  the  velum.  It 
LB  purely  a  larval  organ,  disappearing  before  the  close  of  the  vcliger 
sta^e.  In  the  aquatic  Pulmonata,  where  it  is  best  developed,  it 
consists  on  each  side  of  a  V-shaped  tube,  with  a  dorsally- placed  apex, 
containing  an  enlargement  of  the  lumen.  There  is  a  ciliated  cephalic 
limb,  lined  by  cells  with  concretions,  and  terminating  by  an  internal 
opening  near  the  eye,  and  a  non-ciliated  pedal  limb  opening  to  the 
exterior'. 

Two  irreconcilable  views  are  held  as  to  the  development  of  this 
system.  Babl  (Vol.  I.  No.  268)  and  Hatschek  hold  that  it  is  de- 
veloped in  the  mesoblast;  and  Rabl  states  that  in  Planorbis  it  is 
formed  from  the  anterior  mesoblast  cells  of  the  meaoblastic  bands. 
A  special  mesoblast  cell  on  each  side  elongates  into  two  processes, 
the  commencing  limbs  of  the  future  organ.  A  lumen  is  developed 
in  this  cell,  which  is  continued  into  each  limb,  while  the  continua- 
tions of  the  two  limbs  are  formed  by  perforated  mesoblast  cells. 

According  to  Fol  these  oi^^s  originate  in  aquatic  Pulmonata  as 
a  pair  of  invaginations  of  the  epiblast,  slightly  behind  the  mouth. 
£ach  invagination  grows  in  a  dorsal  direction,  and  after  a  tinae 
suddenly  bends  on  itself,  and  grows  ventralwards  and  forwards.  It 
thus  acquires  its  V-shaped  form. 

In  the  terrestrial  Pulmonata  the  provisional  excretory  organs  are, 
according  to  Fol,  formed  as  epiblastic  invaginations,  in  the  same  way 
as  those  in  the  aquatic  Pulmonata,  but  have  the  form  of  simple  dod- 
ciliated  sacks,  without  internal  openings. 

The  permanent  renal  organ  of  the  MoUusca  consists  typically  of  a 
pair  of  tubes,  although  in  the  majority  of  the  Gasteropoda  one  of 
the  two  tubes  is  not  developed.  It  is  placed  considerably  behind 
the  provisional  renal  oigan. 

>  I  ]eave  out  of  conBidsration  an  eitamiil  renal  OTgBJi  (onud  in  many  m&iius 
Oasteropod  laxyte,  vide  Vol.  i.  p.  332. 

■  H.  Fol,  "  Etudes  EOT  le  d^ve].  d.  Molluaquee."  Mem.  lU.  Anhiv  d.  Zool.  explr. 
tt  glnir..  Vol.  viii. 

*  The  careful  observations  of  Fol  i«em  to  m«  nearly  conelusiva  in  favoor  of  this 
limb  having  an  eitemal  opening,  and  the  atatement  to  tlie  reverse  effect  on  p.  232  of 
Vol.  L  of  tbJH  treatise,  made  on  the  anthorit;  of  Babl  aod  Butsohli,  most  piobably  be 
eorrecteil. 
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Each  tube,  in  its  most  typical  form,  opens  by  a  ciliated  funnel  ioto 
the  pericanjial  cavity,  aud  has  its  external  opening  at  the  side  of  the 
foot.  The  pericardial  funnel  leads  into  a  glandular  section  of  the 
organ,  the  lining  cells  of  which  are  filled  with  concretions.  This 
section  is  followed  by  a  ciliated  section,  from  which  a  narrow  duct 
leads  to  the  exterior. 

As  to  the  development  of  this  organ  the  same  divergence  of 
opinion  exists  as  in  the  case  of  the  provisional  renal  organ- 

Rabl's  careful  observations  on  Planorbis  (Vol.  i.  No,  268)  tend  to 
shew  that  it  is  developed  from  a  mass  of  mesoblast  cells,  near  the  end 
of  the  intestine.  The  mass  .becomes  hollow,  and,  attaching  itself  to 
the  epiblast  on  the  left  side  of  the  anus,  acquires  an  opening  to  the 
exterior.  Its  internal  opening  is  not  established  till  after  the 
formation  of  the  heart.  Fol  gives  an  equally  precise  account,  hut 
states  that  the  fir^t  rudiment  of  tlie  org<in  arises  as  a  solid  mass  of 
epiblast  cells.  Linkester  finds  that  this  organ  is  developed  aa  a 
paired  invagination  of  the  epiblast  in  Pisidinm,  and  Bobretzky  aUo 
derives  it  from  the  epiblast  in  marine  Prosobranchiata.  In  Cephalo- 
poda on  the  other  hand  Buhretzky's  observations  (I  conclude  this 
from  his  fii^res)  indicate  that  the  excretory  sacks  of  the  renal 
oi^lfans  are  derived  from  the  mesoblast. 

Poljrzoo.  Simple  excretory  organs,  coDsistii^  of  a  pair  of  ciliated 
canals,  opening  between  the  mouth  and  the  anus,  have  been  found 
by  Hatschek  and  Joliet  in  the  Entuproctous  Polyzoa,  and  are  de- 
veloped, according  to  Hatschek,  by  whom  they  were  first  found  in 
the  larva,  from  the  mesoblast. 

BrachiopodA.  One  or  rarely  two  (Rhynchonella)  pairs  of  canals, 
with  both  peritonea]  and  external  openings,  are  found  in  the  Brachio- 
poda.  They  undoubtedly  serve  as  genital  ducts,  but  from  their  struc- 
ture are  clearly  of  the  same  nature  as  the  .excretory  organs  of  the 
Chaitopoda  described  below.  Their  development  has  not  been  worked 
out. 

ChsBtopoda.  Two  forms  of  excretory  organ  have  been  met  with 
in  the  Cba^topoda.  The  one  form  is  universally  or  nearly  universally 
present  ia  the  adult,  and  typically  consists  of  a  pair  of  coiled  tubes 
repeated  in  every  segment.  Each  tube  has  an  internal  opening, 
placed  as  a  rule  in  tlie  segment  in  front  of  that  in  which  the  greater 
part  of  the  organ  and  the  external  opening  are  situated. 

There  are  great  variations  in  the  structure  of  these  organs,  which 
cannot  be  dealt  with  here.  It  may  be  noted  however  that  the 
internal  opening  may  be  absent,  and  that  there  may  be  several  in- 
ternal openings  for  each  organ  (Polynoe).  In  the  Capitellids  more- 
over several  pairs  of  excretory  tubes  have  been  shewn  by  Eisig  (No. 
512)  to  be  present  in  each  of  the  posterior  segments. 

The  second  form  of  excretory  organ  has  as  yet  only  been  found  in 
the  larva  of  Polygordius,  and  will  be  more  conveniently  dealt  with  in 
connection  with  the  development  of  the  excretory  system  of  this 
form. 


3y  Google 


564  CHJiTOPODA. 

There  is  still  considerable  duubt  aa  to  the  mode  of  formation  of 
the  excretory  tubes  of  the  Cliaitopoda.  Kowalevsky  (No.  277), 
from  his  observations  on  the  Oligochseta,  holds  that  they  develop 
as  outgrowths  of  the  epithelial  layer  covering  the  posterior  side  of 
the  dissepiments,  and  secondarily  become  cunneeted  with  the  epi- 
dermis. 

Uatschek  finds  that  in  Criodrilus  they  arise  from  a  coottnuous 
linear  thickening  of  the  somatic  mesoblast,  immediately  beneath 
the  epidermis,  and  dorsal  to  the  ventral  band  of  lon^tudinal  mnscles. 
They  break  up  into  S-shaped  cords,  the  anterior  end  of  each  of 
which  is  situated  in  front  of  a  dissepiment,  and  is  formed  at  fir^t  of 
a  single  large  cell,  while  the  posterior  part  is  continued  into  the  seg- 
ment behind.  The  cords  are  covered  by  a  peritoneal  lining,  whicb 
still  envelopes  them,  when  in  the  succeeding  stage  they  are  csrried 
into  the  body-cavity.  They  subsequently  become  hollow,  and  their 
hinder  ends  acquire  openings  to  the  exterior.  The  formation  of 
their  internal  openings  has  not  been  followed. 

Eleinenberg  is  inclined  to  believe  that  the  excretory  tubes  take 
their  origin  from  the  epiblast,  but  states  that  he  basnotsatislactorily 
worked  out  their  development. 

The  observations  of  Eisig  (No.  512)  on  the  Capitellidre  support 
Kowalevaky's  view  that  the  excretory  tubes  originate  from  the 
lining  of  the  peritoneal  cavity. 

Hatschek  (No.  514)  ■^^  given  a  very  interesting  account  of  the 
development  of  the  excretory  system  in  Polygordius. 

The  excretory  system  begins  to  be  formed,  while  the  larva  is 
still  in  the  trochosphere   stage  (fig.  383,  nph),  and   consists  of  a 
provisional  excretory  organ,  which  is  placed 
K?  in  front  of  the  future  segmented  part  of 

the  body,  and  occupies  a  position  very 
similar  to  that  of  the  provisional  excretory 
ot^an  found  in  some  Mulluscan  larvae  {vide 
p.  562). 

Hatschek,  with  some  show  of  reason, 
holds  that  the  provisional  excretory  organs 
of  Polygordius  are  homologous  with  those 
of  the  Mollusca. 

Fio.  883.       PoLiooHDins  In  its  eariiest   stage   the   provisional 

LABTA.    (After  Hatschak.)  excretory  organ  of  Polygordius  consists  of  a 

«h,r«T™=ii  ^''..T^.'^hri"     P^""  of  simple  ciliated  tubes,  each  with  an 
phafieal ganglion ;  npft.nephn-      -^         ,      r  i  i-i  -.      j.   j  ■    .1 

dion;  me.p.  meaoblMtic  band;     anterior  lunnel-like  opening  Situated  in  the 
an.  anns;  oJ,  stoinacb.  midst  of  the  inesoblast  cells,  aud  a  poste- 

rior external  opening.  The  latter  is  placed 
immediately  in  front  of  what  afterwards  becomes  the  segmented 
r^on  of  the  embryo.  While  the  larva  is  still  unsegmented,  a  second 
internal  opening  is  formed  for  each  tube  (fig.  383,  npk)  and  the  two 
openings  so  formed  may  eventually  become  divided  into  five  (fig. 
38*  A),  all  communicating  by  a  single  pore  with  the  exterior. 


3y  Google 


EXCRETORY  ORGANS. 


When  the  poBterlor  region  of  the  embryo  becomes  aegmeuted, 
paired  excretory  oi^ns  are  formed  in  each  of  the  posterior  segments, 
but  the  accouat  of  their  development,  as  given  by  Hatschek,  is  so 
remarkable  that  I  do  not  think  it  can  be  definitely  accepted  with- 
out further  confirmation. 

From  the  point  of  junction  of  the  two  main  branches  of  the 
larval  kidney  tnere  grows  backwards  (fig.  381  B),  to  the  hind  end 
of  the  first  segment,  a  very  delicate  tube,  only  indicated  by  its 
ciliated  lumen,  its  walls  not  being  diflfeientiated.  Near  the  front 
end  of  this  tube  a  funnel,  leading  into  the  larval  body  cavity  of 
the  head,  is  formed,  and  subsequently  the  posterior  end  of  the  tube 
acquires  an  external  o))euing,  and  the  tube  distinct  walls.  The  com- 
munication with  the  provisional  excretory  organ  is  then  lost,  and 
thus  the  excretory  tube  of  the  first  segment  is  established. 

The  excretory  tubes  in  the  second  and  succeeding  segments 
are  formed  in  the  same  way  as  in  the  first,  i.e.  by  the  continuation  of 
the  lumeu  of  the  hind  end  of  the  excretory  tube  from  the  preceding 
segment,  and  the  subsequent  separation  of  this  part  as  a  separate 
tube. 

The  tube  may  be   continued   with   a  sinuous   course  through 

J!j*  J^   ■p'  -ix, 


I 


several  segments  without  a  distinct  wall.  The  external  and  internal 
openings  of  the  permanent  excretory  tubes  are  thus  secondarily  ac- 
quired. The  internal  openings  communicate  with  the  permanent 
body  cavity.  The  development  of  the  permanent  excretory  tubes  is 
diagrammatically  represented  in  fig.  384  C  and  D. 

The  provisional  excretory  organ  atrophies  during  larval  life. 

If  Hatschek's  account  of  the  ilevelopmeut  of  the  excretory  sjatem  of 
Polygnrdius  is  correct,  it  is  clear  that  importani  secondary  miidilications 
must  have  taken  place  in  it,  because  hid  description  imjilies  that  there 
spronts  from  the  anterior  excretory  organ,  while  it  has  ita  own  extem&l  open- 
ing, a  poBlerior  dnct,  which  does  uut  comiuuniiaitti  eithei-  with  the  e 


3y  Google 


566  GEPHYBEA. 

or  witli  the  body  cavity  '  Siich  e.  duct  »>uld  have  no  function.  It  is 
intelligible  either  (1)  that  the  anterior  excretory  organ  should  lead  into 
a  longitudinal  duct,  opening  posteriorly ;  that  then  a  aeriefl  of  Becoo'lary 
openings  into  the  body  cavity  should  attach  themselves  to  thia,  that  for 
each  inter[iB,l  opening  an  extemtil  should  subsequently  arise,  and  the 
whole  break  up  into  separate  tubes ;  or  (2)  that  behind  an  anterior  pro- 
visional exci'etory  organ  a  serit's  of  secondaiy  indeiwndent  segmental  tubes 
should  be  formed.  But  fn>m  Hat^hek's  account  neither  of  thcaa  modes  of 
evolution  can  be  deduced. 

O^hyrea.  The  Gephyrea  may  have  three  forma  of  excretory 
organs,  two  of  which  are  foimd  in  the  adult,  and  one,  similar  in 
position  and  sometimes  also  in  structure,  to  the  provisional  ez- 
cietory  organ  of  Polygordlus,  has  so  far  only  been  found  in  the 
larvae  of  Echiurus  and  Bonellia. 

In  all  the  Gephyrea  the  so-called  '  brown  tubes '  are  apparently 
homologous  with  the  segmented  excretory  tubes  of  Chsetopods. 
Their  main  function  appears  to  be  the  transportation  of  the  gene- 
rative products  to  the  exterior.  There  is  but  a  single  highly 
modiiied  tube  in  Bonellia,  forming  the  oviduct  and  uterus ;  a  pair 
of  tubes  in  the  Gephyrea  inermia,  and  two  or  three  paini  in  most 
Gephyrea  amiata,  except  Bonellia.  Their  development  has  not  been 
studied. 

In  the  Gephyrea  armata  there  is  always  present  a  pair  of  pos- 
teriorly placed  excretory  organs,  opening  in  the  adult  into  the  anal 
extremity  of  the  alimentary  tract,  and  provided  with  numerous 
ciliated  peritoneal  funnels.  These  organs  were  stated  by  Spengel  to 
arise  in  Bonellia  as  outgrowths  of  the  gut ;  but  in  Echiurus  Hatschek 
(No.  515)  finds  that  they  are  dDveloped  from  the  somatic  mesoblast 
of  the  terminal  pa;t  of  the  trunk.  They  soon  become  hollow,  and 
after  attaching  themselves  to  the  epiblast  on  each  side  of  the  anus, 
acquire  external  openings.  They  are  not  at  first  provided  with 
peritoneal  funnels,  but  these  parts  of  the  organs  become  developed 
Irom  a  ring  of  cells  at  their  inner  extremities;  and  there  is  at  6rst 
but  a  single  funnel  for  each  vesicle.  The  mode  of  increase  of  the 
funnels  has  not  been  observed,  nor  has  it  been  made  out  how  the 
organs  themselves  become  attached  to  the  hind-gut 

The  provisional  excretory  organ  of  Echiums  is  developed  at  an 
early  larval  stage,  and  is  functional  during  the  whole  of  larval  life. 
It  at  first  forms  a  ciliated  tube  on  each  side,  placed  in  ^ont  of  that 
part  of  the  larva  which  becomes  the  trunk  of  the  adult.  It  opens 
to  the  exterior  by  a  fine  pore  on  the  ventral  side,  immediately  in 
front  of  one  of  the  mesoblastic  bands,  and  appears  to  be  formed 
of  perforated  cells.  It  terminates  internally  in  a  slight  swelling, 
which  represents  the  normal  internal  ciliated  funnel.  The  primi- 
tively simple  excretory  organ  becomes  eventually  highly  complex  by 
the  formation  of  numerous  branches,  each  ending  in  a  slightly  swollen 
extremity.  These  branches,  in  the  later  larval  stages,  actually  form 
a  network,  and  the  inner  end  of  each  main  branch  divides  into  a 


3y  Google 


EXCRETORY  ORGANS.  567 

bunch  of  fine  tubes.  The  whole  orgau  resembleB  in  many  I'pspects 
the  excretory  organ  of  the  Platyelminthes. 

Id  the  larva  of  Bonellia  Spengel  has  described  a  pair  of  provisioDal 
excretory  tubes,  opeuiog  near  the  anterior  end  of  the  body,  which  are 
probably  homologous  with  the  provisional  excretory  organs  of  Echiurus 
(virfe  Vol.  I.,  fig.  162  C,  se). 

DiBCopllora.  As  in  many  of  the  types  already  spoken  of,  per- 
manent and  provisional  excretory  organs  may  be  present  in  the 
Discophora.  The  former  are  usually  segmentally  arranged,  and 
resemble  in  many  respects  the  excretory  tubes  of  the  Chsetopoda. 
They  may  either  be  provided  with  a  peritoneal  funnel  (Nephelip, 
Clemiue)  or  have  no  internal  opening  (Hinido). 

Bourne'  has  shewn  that  the  cells  surrounding  the  main  duct  in 
the  medicinal  Leech  are  perforated  by  a  very  remarkable  network  of 
cluctules,  and  the  structure  of  these  oi^ana  in  the  Leech  is  so  peculiar 
that  it  ia  permissible  to  state  with  due  reserve  their  homology  with 
the  excretory  organs  of  the  Chtetopoda. 

The  excretory  tubes  of  Clepsine  are  held  by  Whitman  to  be 
developed  in  the  mesoblaet. 

There  are  found  in  the  embryos  of  Nephelis  and  Hirudo  certain 
remarkable  provisional  excretory  organs  the  origin  and  _  history  of 
which  are  not  yet  fully  made  out.  In  Nephelis  they  appear  as  one 
(according  to  Robin),  or  (according  to  BUtschll)  as  two  successive 
pairs  of  convoluted  tubes  on  the  dorsal  side  of  the  embryo,  which 
are  stated  by  the  latter  author  to  develop  from  the  scattered  meso- 
blast  cells  underneath  the  skin.  At  their  fullest  development  they 
extend,  according  to  Robin,  from  close  to  the  head  to  near  the  ventral 
sucker.  Each  of  them  is  U-shaped,  with  the  open  end  of  the  U 
forwards,  each  limb  of  the  U  being  formed  by  two  tubes  united  in 
&ont.  No  external  opening  has  been  clearly  made  out.  FUrbringer 
is  inclined  from  his  own  researches  to  believe  that  they  open  laterally. 
They  contain  a  clear  fluid. 

In  Hirudo.  Leiickart  has  described  three  similar  pairs  of  oi^ns, 
the  structure  of  which  he  haa  fully  elucidated.  They  are  situated 
in  the  posterior  part  of  the  body,  and  each  of  them  commences 
with  au  enlargement,  from  which  a  convoluted  tube  is  continued 
for  some  distance  backwards;  the  tube  then  turns  forwards  again, 
and  after  bending  again  upon  itself  opens  to  the  exterior.  The  an- 
terior part  is  broken  up  into  a  kind  of  labyrinthic  network. 

The  provisional  excretory  organs  of  the  Leeches  cannot  be  identi- 
fied with  the  anterior  provisional  organs  of  Polygordius  and  Echiurus. 

Arthropoda.  Amongst  the  Arthropoda  Peripatus  is  the  only 
form  with  excretory  organs  of  the  type  of  the  segmental  excretory 
organs  of  the  Chxtopoda*. 

1  ■'  On  the  StioctDie  of  the  NepbridU  of  (be  Medidskl  Leeoh."  Quart.  J.  of 
mcr.  Scienc.  Vol.  u.  1880. 

'  yide  F.  H,  Btlfoor,  "On  iome  points  in  the  Anatomy  of  Feripatiu  Gapennis." 
Quart.  J.  of  Uicr.  Srimet,  Tol.  zix.  1879. 
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These  organs  are  p)aced  at  the  bases  of  the  feet,  in  tlie  lateral 
divisions  of  the  body  cavity,  shut  off  from  the  main  median  dlvLsion 
of  the  body  cavity  by  lon^tiidinal  septa  of  transverse  muscles. 

Each  fully  developed  organ  consists  of  tbree  parts : 

(1)  A  dilated  vesicle  opening  externally  at  the  base  of  a  foot. 
(2)  A  coiled  glandular  tube  connected  with  thin,  and  subdivided  again 
into  several  minor  divisions.  (3)  A  short  terminal  portion  opening 
ftt  one  extremity  into  the  coiled  tube  and  at  the  other,  bb  I  be- 
lieve, into  the  body  cavity.  This  section  becomes  very  conspicuous, 
in  stained  preparations,  by  the  intensity  with  which  the  nuclei  of  its 
walls  absorb  the  colouring  matter. 

In  the  majority  of  the  Traclieata  the  excretory  organs  have  the 
form  of  the  eo-called  Malpigbian  tubes,  which  always  (tricfe  Vol.  i.) 
originate  as  a  pair  of  outgrowths  of  the  epiblastic  pructodseum.  From 
their  mode  of  development  they  admit  of  comparison  with  the  aoal 
vesicles  of  the  Oephyrea,  though  in  the  present  state  of  our  know- 
ledge this  comparison  must  be  regarded  as  somewhat  hypothetical. 

The  antenuary  and  shell-glands  of  the  Crustacea,  and  possibly  also 
the  so-called  dorsal  organ  of  various  Crustacean  larvie  appear  to  be 
excretory,  and  the  two  former  have  been  regarded  by  Ciaus  and 
Qrobben  as  belonging  to  the  same  system  as  the  segmental  excretory 
tubes  of  the  Chietopoda 

ITematoda.  Paired  excretory  tubes,  running  for  the  whole  length 
of  the  body  in  the  so-called  lateral  line,  and  opening  in  front  by  a 
common  ventral  pore,  are  present  in  the  Nematoda.  They  do  not 
appear  to  communicate  with  the  body  cavity,  and  their  development 
has  not  been  studied. 

Very  little  is  known  with  reference  either  to  the  structure  or 
development  of  excretory  organs  in  the  Echinodermata  and  the  other 
Invertebrate  types  of  which  no  mention  has  been  so  far  made  in  this 
Chapter. 

Excretory  organs  and  generative  ducts  of  the  Cratiiata. 

Although  it  would  be  convenient  to  separate,  if  possible,  the 
history  of  the  excretory  organs  from  that  of  the  generative  ducts,  yet 
these  parts  are  so  closely  related  in  the  Vertebrata,  in  some  cases  the 
same  duct  having  at  once  a  generative  and  a  urinary  function,  that  it 
is  not  possible  to  do  so. 

The  excretory  oigans  of  the  Vertebrata  consist  of  three  distinct 
glandular  bodies  and  of  their  ducts.  These  are  (1)  a  small  glandular 
body,  usually  with  one  or  more  ciliated  funnels  opening  into  the  body 
cavity,  near  the  opening  of  which  there  projects  into  the  body  cavity 
a  vascular  glomerulus.  It  is  situated  very  far  forwards,  and  is  usually 
known  as  the  head  kidney,  though  it  may  perhaps  be  more  suitably 
called,  adopting  Lankester'a  nomenclature,  tite  pronephros.  Its  duct, 
which  forms  the  basis  for  the  generative  and  urinary  duels,  will  be 
called  the  segmentul  duct. 
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(2)  The  WolffiaQ  body,  which  may  be  also  called  the  mesonepkroB. 
It  consists  of  a  aeries  of,  at  first,  segmentally  (with  a  few  exceptions) 
arranged  glandular  canals  {segmental  tubes)  primitively  openiug  at 
one  extremity  by  funael-shaped  apertures  into  the  body  cavity,  and 
at  the  other  ioto  the  segmental  duct.  This  duct  becomes  in  many 
forms  divided  longitudinally  into  two  parts,  one  of  which  then 
remains  attached  to  the  segmental  tubes  and  forms  the  Wolffian  or 
mesonephric  duct,  while  the  other  is  known  as  the  Mullerian  duct. 

(3)  The  kidney  proper  or  metanephros.  This  organ  is  only 
found  in  a  completely  difi'ercntiated  form  in  the  amniotic  Vertebrata. 
Its  duct  is  an  outgrowth  from  the  Wolffian  duct. 

The  above  parts  do  not  coexist  in  full  activity  in  any  living  adult 
member  of  the  Vertebrata,  though  all  of  them  are  found  tf^ether  in 
certain  embryos.  They  are  so  intimately  connected  that  they  cannot 
be  satisfactorily  dealt  with  separately. 

ElaBmobraQclui.  The  excretory  system  of  the  Elasmobrancbil  is  - 
by  no  means  the  most  primitive  known,  but  at  the  same  time  it  forms  a 
convenient  starting  point  for  studying  the  modifications  of  the  system 
in  other  groups.  The  most  remarkable  peculiarity  it  presents  is  the 
absence  of  a  pronephros.  The  development  of  the  Eiasmobranch 
excretory  system  has  been  mainly  studied  by  Semper  and  myself. 

The  iirst  trace  of  the  system  makes  its  appearance  as  a  knob  of 
mesoblast,  springing  from  the  intermediate  cell-mass  near  the  level  of 
the  hind  end  of  the  heart  (fig.  38-5  A,  pd).  This  knob  is  the  rudiment 
of  the  abdominal  opening  of  the  segmental  duct,  and  from  it  there 
grows  backwards  to  the  level  of  the  anus  a  solid  column  of  cells, 
which  constitutes  theriidiment  of  the  segmental  duct  itself  (fig.  385,  B, 
pd).  The  knob  projecf*  towards  the  epiblast,  and  the  column  connected 


F:o.  386.     Two  BicTroKB  of  a  PitiBTicBoa  embbyo  with  laitBi  tibczbal  CLEm. 

The  Bectiona  iUogtrnte  the  development  of  the  Begmentftl  duot  {pd)  or  primitive  duot 
of  the  pronephroa.  In  A  (the  anterior  of  the  two  Eectiona)  this  appears  as  a  solid  knob 
(pd)  projeoting  towardB  the  epiblMt.  In  B  is  Been  a  sectioii  of  the  column  vhich  has 
grown  backwards  from  the  knob  in  A. 

ipn.  rudiment  of  a  spinal  uerre;  me,  mednllorj  canal;  cA.  notochord;  X.  Eitb- 
notocbonlal  rod;  n^.  moscle-plate ;  mp'.  epeciallj  developed  portion  of  musole-plate ; 
00.  dorsal  aort*!  pd.  segmental  duct;  to.  somBtopleore ;  tp.  Bplanohnopleure;  pp. 
body  cavity;  rp.  epiblast  i  al.  alimentary  canat. 
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with  it  lies  between  the  mesoblast  and  epiblast.  The  knob  and 
column  do  not  long  remain  solid,  but  the  fonner  acquires  an  ripen- 
ing into  the  body  cavity  (tig.  421,  ad) 
continuous  with  a  lumen,  which  makes 
its  appearance  in  the  column  (fig.  386, 
ad).  The  knob  forma  the  only  structure 
which  can  be  regarded  as  a  rudiment 
of  the  pronephros. 

Wliile  the  lumen  ia  gradually  being 

'  formed,  the  segmental  tubes  of  the  me- 

sonephros  become  established.    They  ap- 

X  pear  to  arise  as  differentiations  of  the 

""  parts  of  the  primitive   lateral  plates  of 

«  mesoblast,  placed  between  the  dorsal  end 

s/i  of  the  body  cavity  and  the  muscle-plate 

(fig.  386,  sty,  which  are  usually  known 

as  the  intermediate  cell- masses. 

The  liimen  of  the  segmental  tubes, 
'  though  at  first  very  small,  soon  becouies 

of  a  considerable  size.  It  appears  to  be 
established  in  the  position  of  the  section 
of  the  body  cavity  in  the  intermediate 
cell-mass,  which  at  first  unites  the  part 
of  the  body  cavity  in  the  muscle-plates 
with  the  permanent  body  cavity.  The 
lumen  of  each  tube  opens  at  its  tower 
end  iuto  the  dorsal  part  of  the  body 
cavity  (6g.  380,  st),  and  each  tube  curls 

obliquely  backwards  round  the  inner  and 

vertebral  body;   »i,   Begmentai     dorsal  side  of  the  segmental  duct,  near 
labe;  >d  aegmeDtal  duct;  ,p.v.     ^i^j  ^  jt  at  first  ends  blindly. 
p.o.  primitive  genemtive  oelU.  One  segmental  tube  makes   its  ap- 

pearance for  each  somite  (fig.  265],  com- 
mencing with  that  immediately  behind  the  abdominal  opening  of 
the  segmental  duct,  the  last  tube  being  situated  a  few  segments 
behind  the  anus.  Soon  after  their  formation  the  blind  ends  of  the 
segmental  tubes  come  in  contact  with,  and  open  into  the  segmental 
duct,  and  each  of  them  becomes  diviiled  into  four  parts.  These  are 
(1)  a  section  carrying  the  peritoneal  opening,  known  as  the  peri- 
toneal funnel,  (2)  a  dilated  vesicle  into  which  this  opens,  (3)  a 
coiled  tubulus  proceeding  from  (2),  and  terminating  in  (4)  a  wider  por- 
tion opening  into  the  segmental  duct.  At  the  same  time,  or  shortly 
before  this,  each  segmental  duct  unites  with  and  opens  into  one  of 

>  In  my  ongiDsI  aeooant  of  tlie  development  I  held  these  tabes  to  be  iuvBginationB 
ot  the  peritoneal  epithelium.  B«dgwick  (No.  549)  -waa  led  to  doubt  the  accnnoy  of  my 
original  atatement  from  his  investigatJouB  on  the  chiok;  and  from  a  re-examination 
of  my  ipecimeDB  he  arrived  at  the  lesiillB  stated  above,  and  which  I  am  now  myself 
inclined  to  adopt. 


X.  aub-notochordal  rod ; 
mji.  muscle -plate;  nip',  inner  layer 
of  maacle- plate  already  converted 
Vt.  rudiment  of 
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the  horns  of  the  cloaca,  and  also  retires  from  its  primitive  position 
between  the  epiblast  an<l  mesoblast,  and  assumes  a  position  close  to 
the  epithelium  lining  the  body  cavity  (fig.  380,  ad).  The  general  fea- 
tures of  the  excretory  oi^ns  at  this  period  are  di grammatically  re- 
presented in  the  woodcut  (fig.  387).  In  this  fig.  pd  is  the  segmental 
duct  and  o  its  abdominal  opening ;  s.t  points  to  the  segmental  tubes, 
the  finer  details  of  whose  structure  are  not  represented  in  the  diagram. 
The  meaonephroe  thus  forms  at  this  period  an  elongated  gland  com- 
po3e<i  of  a  series  of  isolated  coiled  tubes,  one  extremity  of  each  of 
which  opens  into  the  body  cavity,  and  the  other  into  the  segmental 
duct,  wJiich  forms  the  only  duct  of  the  system,  and  communicates  at 
its  front  end  with  the  body  cavity,  and  behind  with  the  cloaca. 

The  next  imporlant  change  concerns  the  segmental  duct,  which 
becomes  longitudinally  split  into  two  complete  ducts  in  the  female, 
and  one  complete  duct  and  parts  of  a  second  duct  in  the  male.  The 
manner  in  which  this  takes  place  is  diagram matically  represented  in 
fig.  387  bv  the  clear  line  t,  and  in  transverse  section  in  tigs.  388  and  389, 
The  resulting  ducts  are  (1)  the  Wolffian  duct  or  mesonephric  duct 
(W),  dorsally,  which  remains  continuous  with  the  excretory  tubules 
of  the  mesonephros,  and  ventrally  (2)  the  oviduct  or  Mtlllerian  duct  in 
the  female,  and  the  rudiments  of  this  duct  in  the  male.     In   the 


Fill.  387.    DiAOHui  or 

ET.AB1I0BIUKCH    BHBKIO. 

pd.  Begroental  dnct.  It  opena  at  a  into  the  body  csvit;  and  at  ita  other  eitremity 
into  the  cloaca:  x.  line  along  which  the  diviBion  appears  which  aefarnteB  the  aagmental 
dact  into  the  Wolffian  duct  abave  and  the  M6Uerian  duot  below ;  (.(.  segmental  tubes. 
The;  open  at  one  end  Into  the  hoAj  oavitj,  and  at  the  other  into  the  segmental  dnct. 

female  the  formation  of  these  ducts  takes  place  (fig.  389)  by  a  nearly 
solid  rod  of  cells  being  gradually  split  off  from  the  ventral  side  of  all 
but  the  foremost  part  of  the  original  segmental  duct.  This  nearly 
solid  cord  is  the  Mtlllerian  duct  [od],  A  very  small  portion  of  the 
Inmen  of  the  original  segmental  duct  is  perliaps  continued  into  it, 
but  in  any  case  it  very  soon  acquires  a  wide  lumen  (fig.  389  A).  The 
anterior  part  of  the  segmental  duct  is  not  divided,  but  remains  con- 
tinuous with  the  Mtillerian  duct,  of  which  its  anterior  pore  forms  the 
permanent  peritooefd  opening'  (fig.  387).     The  remainder  of  the  seg- 

'  Five  or  six  segmental  tnbea  belong  to  the  region  of  the  undivided  anterior  part 
of  the  M^mental  duct,  which  forms  the  front  end  of  the  Miilleriau  duct;  but  the;  ap- 
pear to  aUophy  Ter;  early,  nithont  acquiring  a  definite  attachment  to  the  segmental 
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meDtat  duct  (after  the  loss  of  its  anterior  section,  and  the  part  split 
off  from  its  ventral  side)  forms  the  WolflEan  duct.     The  process  of 


LlACHAHSlJlTlC     BKrllEMrN- 
D  MiiLLERIAN 


&trtlJJT)U 


The  figure  HhevH  ban  the 
t^egmentnl  duct  becomes  split 
inlo  the  Wolffian  or  meso- 
nepfaria  dnct  abore,  anil  Uiil- 
lerittD  duot  or  oviduct  b«low. 

vd.  Wolffian  or  meao- 
nepbric  duct ;  od.  Miillerian 
duct  or  oviduct  \  id.  segmitD- 
tal  duct. 


mc.  meilull&ry  cuDal;  mp.  iQnacIe- 
plate;  ch.  notochord;  ao.  aorta;  ear.  ■ 
cardinal  veiii;  tl,  BeRtnental  tube.  On 
th«  left  side  the  section  paxaes  through 
the  openiDg  of  a  eegmental  tnbe  into  the 
body  cavity.  On  the  linht  this  opening 
is  represented  by  dotted  linea,  and  the 
openinj;  of  the  Begmental  tube  into  the 
Wolffian  duct  liae  been  cot  through;  to.d. 
Wolffian  doct:  m.d.  Mullerian  duct.  The 
section  is  taken  through  the  point  where 
the  Begmental  duct  and  Wolffian  duct 
have  Just  become  separate;  gr.  the  ger- 
minal rilge  with  (he  thickened  germinal 
epithelinm:  (.  liver;  i.  intestine  with 
spiral  valve. 


formation  of  these  ducts  in  the  male  difTers'from  that  in  the  female 
chiefly  in  the  fact  of  the  anterior  undiviiled  part  of  the  segmental 
duct,  which  forms  the  front  end  of  the  Miillerian  duct,  being  shorter, 
and  in  the  column  of  cells  with  which  it  is  continuous  being  from 
the  first  incomplete. 

The  segmental  tubes  of  the  mesonephros  undergo  further  im- 
portant changes.  The  vesicle  at  the  termination  of  each  peri- 
toneal funnel  sends  a  bg<l  forwards  towards  the  preceding  tubulus, 
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which  joins  the  fourtli  section  of  it  close  to  tlie  opening  into  the 

Wolffian  duct  {fig.  390  px).  The  remainder  of  the  vesicle  becomes 
converted  into  a  Malpighian 
body  {mg).  By  the  first  of 
these  changes  a  tube  is  estab- 
lished connecting  each  pair  of 
segments  of  the  mesoiiephros, 
and  though  this  tube  is  iu  part 
aborted  (or  only  represented  by 
a  fibrous  band)  in  the  anterior 
part  of  the  excretory  oi^ans  in 
the  adult,  and  most  probably  iti 
the  hinder  part,  yut  it  seems 
almost  certain  that  the  second- 
ary   and    tertiary     Malpighian     *   ^"r""-""'   oillicm. 

,    ■',.  1-    .1  ■      ■  r  ■*"*  flR"'*  OOntainB  two  examples  of  tha 

bodies   ot    the   majonty   OI   seg-  bodding  ot  Ihe  veaiclB  of  a  BeBmental  tube 

nient.S   are    developed   from    its  (whioh  forma  a  MalpiKhian  body  in  itB  own 

persisting  blind   end.     Each  of  •«emeni)  to  wiie  with  the  tubulna  in  the 

f,  "        J  J     i   _i-  pteoediDK  B6gmcnt  oloae  lo  ita  opeolng  into 

tbese^    secondary    and    tertiary  the  Wolffian  (maaonephricj  doct 

Malpigbian    bodies    is  connected  ge.  epithelinm  of  hody-eavity;  tt.  pari- 

toneal  fuuiir<l  ot  segmental  tube  nilb  its 
peritoneal  opening;  mg.  Malpighian  body; 
]ix.  bud  from  Malpigbian  body  uniting  with 
preceding  segment. 


FlU.   390.       JjOh'OlTVDINAI. 


with  a  convoluted  tubulus  (fig. 
391  a '«'/),  which  is  also  deve- 
loped Irom  the  tube  cunnecttui_ 
each  pair  of  segmental  tubes, 
and  therefore  falls  into  the  primary  tubulus  close  to  its  junction 
with  the  segmental  duet.  Owing  to  the  formation  of  the  accessory 
tubuli  the  segments  of  the  mesonephros  acquire  a  compound  cha- 
racter. 

The  third  section  of  each  tubulus  becomes  by  continuous  growth, 
especially  in  the  hinder  segment:*,  very  bulky  and  convoluted. 


Fia.  S91.    Thbbb  BEouiniiit  or  ihb  akt 

The  figDTe  shens  a  flbrone  band  pa^aing  from  the  primary  to  the  geoondary  Ual- 
pighiaa  bodies  in  two  segments,  vrhiiji  ia  the  remainaut  theoutgrowth  from  the  primarj 
Holpighian  body. 

<(.o.  peritoneal  Innnel:  p.mg.  primary  Mslpigbiaii  body;  a.mg.  accessory  Mal- 
pigbian body;  tr.ct.  mesonephric  (Wolffian)  duct. 
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The  general  character  of  a  sliglitly  developed  eegineot  of  the 
mesonepliros  at  its  full  growth  may  be  gathereil  from  fig.  3!>].  Il 
commences  with  (1)  a  pentooeal  opening,  somewhat  oval  Id  form 
{st.o)  and  leading  directly  into  (2)  a  narrow  tube,  the  B^mental  tub-3, 
which  takes  a  more  or  le<s  oblique  course  backwiirds,  and,  passing 
superficially  to  the  Wolffian  duct  {w.d),  opens  into  (3)  a  Malpighian 
body  ip.mg)  at  the  anterior  extremity  of  an  isolated  coil  of  glandular 
tubuli.  This  coil  forms  the  third  section  of  each  segment,  and 
starts  from  the  Malpighian  body.  It  consists  of  a  considerable 
number  of  rather  definite  convolutions,  and  after  uniting  with  tubuli 
from  one,  two,  or  more  (according  to  the  size  of  the  segment)  acces- 
sory Malpigliian  bodies  {a.Tng)  smaller  than  the  one  into  which  the 
segmentaJ  tube  falls,  eventually  opens  by  (4)  a  narrowish  collecting 
tube  into  the  Wolffian  duct  at  the  posterior  end  of  the  segment. 
Each  segment  is  probably  completely  isolated  from  the  adjoining 
segments,  and  never  has  more  than  one  peritoneal  fu/tmel  and  one 
communication  with  the  Wolffian  duct. 

Up  to  this  time  there  has  been  no  distinction  between  the 
anterior  and  posterior  tubuli  of  the  mesonephros,  which  alike  open 
into  the  Wolffian  duct.  The  collecting  tubes  of  a  considerable  num- 
ber of  the  hindermost  tubuli  (ten  or  eleven  in  Scyllium  canicula), 
either  in  some  species  elongate,  overlap,  and  eventually  open  by- 
apertures  (not  usually  so  numerous  as  the  Reparat.e  tubes),  on  nearly 
the  same  level,  into  the  hindermost  section  of  the  Wolffian  duct  in 
the  female,  or  into  the  urinogenital  cloaca,  formed  by  the  coa'esced 
terminal  parts  of  the  Wolffian  ducts,  in  the  male ;  or  in  other  species 
become  modified,  by  a  peculiar  process  of  splitting  from  the  Wolffian 
duct,  80  as  to  pour  their  secretion  into  a  single  duct  on  each  side, 
which  opens  iu  a  position  corresponding  with  the  numerous  ducts 
of  the  other  species  (fig.  35)2).  In  both  cases  the  modified  posterior 
kidney- segments  are  probably  equivalent  to  the  permanent  kidney 
or  metanephros  of  the  amniotic  Vertebrates,  and  for  this  reason  the 
numerous  collecting  tubes  or  single  collecting  tube,  as  the  case  may 
be,  will  be  spoken  of  as  ureters.  The  anterior  tubuli  of  the  primitive 
excretory  organ  retain  tlieir  early  relation  to  the  Wolffian  d<ict,  and 
form  the  permanent  Wolffian  body  or  mesonephros. 

The  originally  separate  terminal  extremities  of  the  Wolffian  ducts 
always  coalesce,  and  form  a  urinal  cloaca,  opening  by  a  single  aper- 
ture, situated  at  the  extremity  of  the  median  papilla  behind  the  anus. 
Some  of  the  peritoneal  openings  of  the  segmental  tubes  in  Scjilium, 
or  in  other  cases  all  the  openings,  become  obliterated. 

In  the  male  the  anterior  segmental  tubes  undergo  remarkable 
modifications,  and  become  connected  with  the  testes.  Branches 
appear  to  grow  from  the  first  three  or  four  or  more  of  them  (though 
probably  not  from  their  peritoneal  openings),  which  pass  to  the  base 
of  the  testis,  and  there  uniting  into  a  longitudinal  canal,  form  a 
network,  and  receive  the  secretion  of  the  testicular  ampullEe  (fig. 
393,  nt).     These  ducts,  the  vasa  efferentia,  carry  the  semen  to  the 
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Wolffian  body,  but  before  opening  into  tlte  tubuli  of  tliis  body  they 
unite  into  a  canal  known  as  the  longitudinal  canal  of  the  Woljjian  body 
(t.c),  from  which  pass  off  ducts  equal  in  number  to  the  vasa  eiferentia, 
each  of  which  normally  ends  in  a  Malpighian  corpuscle.  From  the 
Malpigliian  corpuscles  so  connected  there  spring  the  convoluted  tubuli, 
forming  the  generative  segments  of  the  Wolffian  body,  along  which 
the  semen  is  conveyed  to  the  Wolffian  duct  (v.d).  The  Wolffian  duct 
itself  becomes  much  contorted  and  acts  as  vas  deferens. 


Fia.  892.    DuoBui  or 

m.ii.  HQlIeriui  dnct ;  K.d.  WotffiaD  doet;  t.t.  segmental  tnbeB;  five  at  Otem  aie 
represented  irith  openings  into  the  body  carity,  the  posterior  negmeatal  tabes  torm 
the  meaoDephroa ;  tm.  ovexj. 

Figs.  392  and  393  are  di^rammatic  representations  of  the 
chief  constituent's  of  the  adult  urinogenital  oi^^s  in  the  two 
sexes.  In  the  adult  female  (fig.  392),  there  are  present  the  following 
parts: 

(1)  The  oviduct  or  Mtlllerian  duct  (m.d)  split  off  from  the 
segmental  duct  of  the  kidneys.  Each  oviduct  opens  at  its  anterior 
extremity  into  the  body-cavity,  and  behind  the  two  oviducts  have 
independent  communications  with  the  general  cloaca. 


^aa^y 


FlO.   BBS.       DUOttAH   or   the   IBfUHOEMBNt   Of   THB    CRINOOBNITAI,   OBOIHB 
m    4N   IDDLI    KJU.E   ELABUOBBANCH. 

m.d.  Tadiment  of  MiiUerian  dnct;  w.d.  Wolffian  dnct,  marked  vd  in  front  and 
Berring  M  vftB  deferens;  s.t.  segmentftl  tubes;  two  of  them  are  repreaented  with  open- 
in|!B  into  the  bod;  cavity;  d.  ureter;  1.  testis;  nl.  canal  at  the  base  of  the  testis; 
VE.  vBsaeflerentia;  Ic.  longitadinal  canal  of  the  Wolffian  body. 
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(2)  The  mesonephric  ducts  [v}.d),  the  other  product  uf  the  seg- 
meotal  ducts  of  the  kidoeyB.  They  end  in  front  by  becotuing  con- 
tinuous with  the  tubuluD  of  the  anterior  peraiating  segment  of  the 
mesonephros  on  each  side,  and  unite  behind  to  open  by  a  common 
papilla  into  the  cloaca.  The  mesonephric  duct  receives  the  secretion 
of  the  anterior  tubuli  of  the  priiDitive  mesonephros. 

(3)  The  ureter  which  carries  off  the  secretion  of  the  kidney 
proper  or  metanephros.  It  is  represented  in  iny  diagram  in  its  most 
rare  and  differentiated  condition  a^  a  single  duct  connected  with  the 
posterior  segmental  tubes. 

(4)  The  segmental  tubes  {a.t)  some  of  which  retain  their  original 
openings  into  the  body  cavity,  and  others  are  without  them.  They 
are  divided  Into  two  groups,  an  anterior  forming  the  mesonephros  or 
Wolffian  body,  which  pours  its  secretion  into  the  Wolffian  duct ;  and 
a  potitenor  group  forming  a  gland  which  is  probably  equivalent  to 
the  kidney  proper  of  amniotic  Craniata,  and  is  connected  with  the 
ureter. 

In  the  male  the  following  parts  are  present  (fig.  393] : 

(!)     The  Miillerian  duct  (?n.d),  consisting  of  a  small  rudiment 

attached  to  the  liver,  representing  the  foremost  end  of  tl)e  oviduct  uf 

the  female. 

(2)  The  mesonephric  duct  {w.d)  which  precisely  corresponds  to 
the  mesonephric  duct  of  the  female,  but,  in  addition  to  serving  as  the 
duct  of  the  Wolffian  body,  also  acts  as  a  vas  deferens  (wi).  In  the 
adult  male  its  foremost  part  has  a  very  tortuous  course. 

(3)  The  ureter  (rf),  which  has  the  same  fundamental  constitution 
as  in  the  female. 

(4)  The  segmental  tubes  {s.t).  The  posterior  tubes  have  the 
same  arrangement  in  both  sexes,  but  in  the  male  modification.s  take 
place  in  connection  with  the  anterior  tubes  to  fit  them  to  act  as 
transporters  of  the  semen. 

Connected  with  the  anterior  tubes  there  are  present  (1)  the  vasa 
efferentia  { VE),  united  on  the  one  hand  with  (2)  the  central  canal  in 
the  base  of  the  testis  (nf),  and  on  the  other  with  the  longitudinal 
canal  of  the  Wolffian  body  {Ic).  From  the  latter  are  seen  passing  off 
the  successive  tubuli  of  the  anterior  segmente  of  the  Wolffian  bodv, 
in  connection  with  which  Mlalpighian  bodies  are  typically  present, 
though  not  represented  in  my  diagram. 

Apart  from  the  absence  of  the  pronephros  the  point)  which  deserve 
notice  in  the  Elasmobranch  excretory  system  are  (Ij  The  splitting  of 
the  segmental  duct  into  Wolffian  (mesonephric)  and  Miillerian  ductA. 
(2)  The  connection  of  the  former  with  the  mesonephros,  and  of  the 
latter  with  the  abdominal  opening  of  the  segmental  duct  which 
represents  the  pronephros  of  other  types.  (3)  The  fact  that  the 
Miillerian  duct  serves  as  oviduct,  and  the  Wolffian  duct  ss  vaa 
deferens.  {^)  The  differentiation  of  a  posterior  section  of  the  meso- 
nephros into  a  special  gland  foreshadowing  the  metanephros  of  the 
Amniota. 


3y  Google 


EXCRETORY  OROAA'S.  5T7 

OrdostODUtta.  The  developmeiit  of  the  excretory  system  amongst 
the  Cyclostoniata  has  only  been  studied  in  Fetromyzon  (Uiiller, 
Fiirhringer,  and  Scott). 

Tbe  first  part  of  the  system  developed  is  the  segmental  duct.  It 
appears  in  the  embryo  of  about  14  days  (Scott)  as  a  solid  cord  of  cells, 
differentiated  from  the  somatic  mesoblast  near  the  dorsal  end  of  the 
body  cavity.  This  cord  is  at  first  placed  immediately  below  the 
epiblast,  and  grows  backwards  by  a  continuous  process  of  differen- 
tiation of  fresh  mesoblast  cells.  It  soon  acquires  a  lumen,  and 
joins  the  cloacal  section  of  the  alimentary  tract  before  the  close  of 
fcetal  life.  Before  this  communication  is  established,  the  front  end 
of  the  duct  sends  a  process  towards  the  body  cavity,  the  blind  end  of 
which  acquires  a  ciliated  opening  into  tbe  latter.  A  series  of  about 
four  or  five  successively  formed  outgrowths  from  the  duct,  one  behind 
the  other,  give  rise  to  aa  many  ciliated  funnels  opening  into  tbe  body 
cavity,and  each  communicating  by  a  more  or  less  elongated  tube  with 
the  segmental  duct.  These  funnels,  which  have  a  metameric  arrange 
ment,  constitute  tbe  pronephros,  the  whole  of  which  is  situat«d  in  the 
pericardial  region  of  the  body  cavily. 

On  the  inner  side  of  the  peritoneal  openings  of  each  pronephros 
there  is  formed  a  vascular  glomerulus,  projecting  into  tbe  body- 
cavity,  and  covered  by  peritoneal  epithelium.  For  a  considerable 
period  the  pronephros  constitutes  the  sole  functional  part  of  the 
excretory  system. 

A.  mesonephros  is  formed  (FUrbringer)  relatively  late  iu  larval  life, 
as  a  segmentally  arranged  series  of  solid  cords,  derived  from  the  peri- 
toneal epithelium.  These  cords  constitute  the  rudiments  of  the 
segmental  tubes.  They  are  present  for  a  considerable  portion  of  tbe 
body  cavity,  extending  backwards  from  a  point  shottlv  behind  the 
pronephros.  They  soon  separate  from  the  peritoneal  epithelium, 
become  hollowed  out  into  canals,  and  join  the  segmental  duct.  At 
their  blind  extremity  (that  originally  connected  with  tbe  peritoneal 
epithelium)  a  Malpighian  body  is  formed. 

The  pronephros  is  only  a  provisional  excretory  organ,  the  atrophy 
of  which  commences  during  larval  life,  and  is  nearly  completed  when 
the  Ammoccete  has  reached  180  mm,  in  length,  further  changes 
take  place  in  connection  with  the  excretory  system  on  the  con- 
version of  the  AmmowEte  into  the  adult. 

The  segmental  ducts  in  the  adult  fall  into  a  common  urinogenital 
cloaca,  which  opens  on  a  papilla  behind  tbe  anus.  This  cloaca  also 
communicates  by  two  apertures  (abdominal  pores)  with  the  body 
cavity.  Tbe  generative  products  are  carried  into  the  cloaca  by  these 
pores;  so  that  their  transportation  outwards  is  not  peri'ormed  by 
any  {uut  of  the  primitive  urinary  system.  The  urinogenital  cloaca 
is  formed  by  the  separation  of  the  portion  of  the  primitive  cloaca 
containing  the  openings  of  the  segmental  ducts  from  that  connected 
with  the  alimentary  tract. 

The  mesonephros  of  the  Ammoccete  undergoes  at  the  meta- 
II.E.  II.  37 
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murpfaosis  complete  atrophy,  and  is  physiologically  replaced  by  a 
posterior  series  of  segmental  tubes,  opening  into  the  hindermost 
portion  of  the  segmental  duct  (Schneider). 

In  Myxiue  the  excretory  syst-em  consiats  (I)  nf  n  highly  develojied  pro- 
nephros with  a.  bunch  of  ciliated  peritoneal  funnels  opening  into  the  peii- 
cardial  section  of  the  body  cavity.  The  coiled  and  branched  tubes  of  which 
the  pronephros  is  cunipoxed  open  on  the  venti-al  side,  of  the  anterior  |x>rtion 
of  the  segmental  duct,  which  in  iild  iudividuals  is  cut  off  from  the  [Ktsterior 
section  of  the  duct.  On  the  dorsal  side  of  the  poition  of  the  segmental 
duct  belonging  to  the  pronephros  there  are  present  a  small  nnmher  of 
iliverticula,  terminating  in  glomeruli  ;  they  are  |irabab]y  to  be  regarded  as 
anterior  Sfgrnental  tubes.  (2)  Of  a  meaonephros,  wliich  coniiuenceB  a 
considerable  distance  behind  the  pronephros,  and  ia  formed  of  straight 
extremely  simple  segmental  tubes  o[iening  into  the  a^mental  duct  (fig.  385). 
The  excretory  ay st«ni  of  Myxiue  clearly 
retains  the  characters  <if  the  syxtem  as  >t 
exista  in  the  larva  uf  Petromyzon. 

TeleOBteL  In  mn&t  Teleostei  the 
pronephros  and  me.'oiiephros  coexist 
through  life,  and  their  products  are 
carried  off  by  a  duct,  the  nature  of 
which  is  somewhat  doubtfnj,  but  which 
is  probably  homologous  with  the  meso- 
nephric  duct  of  other  types. 

The  system  commences  in  the  em- 
bryo (Rosenberg,  Oeltacher,  Gotte, 
Fiirbringer)  with  the  formation  of  a 
groove-like  fold  of  the  somatic  layer 
of  peritoneal  epithelium,  which  becomes 
gradually  constricted  into  a  canal ;  the 
process  of  constriction  commencing  in 
the  middle  and  extending  in  both  di- 
rections. The  canal  does  not  however 
close  anteriorly,  but  remains  open  to 
the  body  cavily,  thus  giving  rise  to  a 
funnel  equivalent  to  the  prunephric 
funnelsof  Petromyzon  and  Mysine.  On 
the  inner  side  of  this  funnel  there  is 
formed  a  glomerulus,  projecting  into  the 
bixly  cavity  ;  and  at  the  same  time  that 
this  is  being  formed  tlie  anterior  end 
of  the  canal  becomes  elongated  and 
convoluted.  The  above  structures  con- 
stitute a  pronephros,  while  the  pos- 
terior part  of  the  primitive  canal  forms 
the  segmental  duct. 

The  portion  of  the  body  cavity  with 
tlie   glomerulus  und   perit'oneal  funnel 
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MiwnnFBROB  OF  Htztmb.  (From 
0«gBDb*ut;  *R«r  J.  UOller.) 

a.  Begmentftl  duct;  h.  senneii- 
taltabe;  c.  gloniemlnB ;  d.afferant, 
r.  eflerent  uiery. 

B  Tepreaents  a  portion  of  A 
highly  magnifln). 
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of  the  pronephros  (fig.395,;>o)  soon  becomes  completely  isolated  from 
the  remainder,  so  as  to  form  a  closed  cavity  {gl).    The  development 


Fto.  39E.     SicnoR 

pr.H.  pronephros;  po.  opening  of  pronephros  into  the  isolated  portion  ot  tLe 
body  cavitj  eontainine  the  glomeralna;  gl,  glomeruins;  ao.  moria,;  eh.  ootoehord; 
z.  Habnotocbordsl  rod;  oi.  alimentarj  tract. 

of  the  mesonepbros  does  nut  t^ke  place  till  long  after  that  of  the  pro- 
nephros. The  segmental  tubes  which  form  it  are  stated  by  Fiirbringer 
to  arise  from  solid  ingrowths  of  peritoneal  epithelium,  developed 
successively  from  before  backwards,  but  Sedgwick  informs  me  tnat 
they  arise  as  differentiations  of  the  meaoblastic  cells  near  the  peri- 
toneal epithelium.  They  soon  become  hollow,  and  unite  with  the 
se^entul  duct.  Malpigliian  bodies  are  developed  on  their  median 
portions.  They  grow  very  greatly  in  length,  and  become  much  con- 
voluted, but  the  details  of  this  process  have  not  been  followed  out. 

The  foremost  segmental  tubes  are  situated  close  behind  the  pro- 
nephros, while  the  hindermost  are  in  many  cases  developed  in  the 
postanal  continuations  of  the  body  cavity.  The  pronephros  appears 
to  form  the  swollen  cephalic  portion  of  the  kidney  of  the  adult,  and 
the  mesonephrris  the  remainder;  the  so-called  caudal  portion,  where 
present,  being  derived  (!)  from  the  postanal  segmental  tubes. 

In  some  cases  the  cephalic  portion  of  the  kidneys  is  absent  in  the 
adult,  which  probably  implies  the  atrophyof  the  pronephros ;  in  other 
instances  the  cephalic  portion  of  the  kidneys  is  the  only  part  de- 
veloped. Its  relation  to  the  embryonic  pronephros  requires  however 
further  elucidation. 

In  the  adult  the  ducts  in  the  lower  part  of  the  kidneys  lie  as 
a  rule  on  their  outer  borders,  and  almost  invariably  open  into  a 
unnary  bladder,  which  usually  opens  in  its  turn  on  the  urinngenital 
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papilla  immediate! J  behind  the  genital  pore,  but  io  a  few  iDstancea 
there  is  a  comnion  urinogenital  pore. 

In  most  Osseous  Fish  there  are  true  generative  ducts  continuous 
with  the  investment  of  the  generative  organs.  It  appears  to  me 
most  probable,  from  the  analogy  of  Lepidosteus,  to  be  described  in 
the  next  section,  that  these  ducta  are  split  off  from  the  primitive 
segmental  duct,  and  correspond  with  the  MuUerian  ducts  of  Elasmo- 
branchii,  etc. ;  though  on  this  point  we  have  at  present  no  positive 
embryoLogical  evidence  {vide  general  considerations  at  the  end  of  the 
Chapter).     In  the  female  Salmon  and  the  male  and  female  Bel  the 

fenerative  products  are  carried  to  the  exterior  by  abdominal  pores, 
t  is  possible  that  this  may  represent  a  primitive  condition,  though  it 
is  more  probably  a  case  of  degeneration,  as  is  indicated  by  the  pre- 
sence of  ducts  in  the  male  Salmon  and  in  forms  nearly  alUed  to  the 
Salmonidse. 

The  coexistence  of  abdominal  pores  and  generative  ducts  in 
Mormyrus  appears  to  me  to  demonstrate  that  the  generative  ducts  in 
Teleustei  cannot  be  derived  from  the  coalescence  oi  the  investment  of 
the  generative  organs  with  the  abdominal  pores. 

GanoideL    The  true  excretory  gland  of  the  adult  Qanoidei  resem- 
bles on  the  whole  that  of  Tele- 
^  ostei,  consisting  of  an  elongated 

hand  on  each  side — the  meso- 
nephros — an  anterior  dilatation 
of  which  probably  represents  the 
pronephros. 

There  is  in  both  sexes  a 
Mijllerian  duct,  provided,  except 
in  Lepidosteus,  with  an  abdomi- 
nal Ainnel,  which  is  however 
situated  relatively  very  far  hack 
in  the  abdominal  cavity.  The 
TRDm  MuUerian  ducts  appear  to  serve 
as  generative  canals  in  both  sexes. 
c.  mednlluy  oord :  tu.  mesoblast ;  ig.  ^^  Lepidosteus  they  are  contin- 
segmeiitsl  dnct;  eft.  notoohord;  x.  sob-  uous  with  the  investment  of  the 
aotochordal  rod;  hy.  hypoblftgt.  generative  glands,  and  thus  a  re- 

lation between  ike  generative  ducts 
and  glands,  very  similar  to  that  in  Teleosfei,  is  brought  about. 

Posteriorly  the  Miillerian  ducts  and  the  ducts  of  the  mesonephros 
remain  united.  The  common  duct  so  formed  on  each  side  is  clearly 
the  primitive  segmental  duct.  It  receives  the  secretion  of  a  certain 
number  of  the  posterior  mesonephric  tubules,  and  usually  unites 
with  its  fellow  to  form  a  kind  of  bladder,  opening  by  a  single  pore 
into  the  cloaca,  behind  the  anus.  The  duct  which  receives  the 
secretion  of  the  anterior  mesonephric  tubules  is  the  true  me-sonephric 
or  Wolffian  duct. 

The   development  of   the    excretory   system,   which    has    been 
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partially   worked  out   in   Acipenner   and   Lepidosteus*.   ia    on   the 
whole  very  similar  tu  that  in  the  Teleostei.     The  first  portion  uf  the 


4^ 
Fia.  397.    Tkinbvemk  hbction  trbohoh  thk  uitkiuob  fast  or  ah  AarsHBSB 

BiiBBio.    {After  SaleDBk;.) 
Bf.  niAdullary  groove;  Mp,  medollar;  plate ;  H'lf.  Mgrnental  ttoct ;  CA.  notodiord; 
ifn.  Djipoblut;  Sgp.  meaobliiBtic  Bomite ;  Sp.  parietal  put  of  mesoblactic  plate. 

system  to  be  formed  is  the  segmental  duct.  In  Lepidosteus  this  duct 
is  Formed  as  a  eroove-like  invagination  of  the  somatic  peritoneal 
epithelium,  pi-eciaely  as  in  Teleostei,  and  shortly  afterwards  forms  a 
duct  lying  between  the  mesoblast  and  the  epihlast  {fia.  3!)6,  sg).  In 
Acipenser  (Salensky)  however  it  is  formed  as  a  solid  ridge  of  the 
somatic  mesoblast,  as  in  Fetromyzou  and  Elasmobranchii  (Gg.  397, 

y^g). 

In  both  forms  the  ducts  unite  behind  with  the  cloaca,  and  a  pro- 
nephi-os  of  the  Teleostean  type  appears  to  be  developed.  This  gland  is 
provided  with  but  one"  peritoneal  opening,  which  together  with  the 
glomerulus  belonging  to  it  becomes  encapsvled  in  a  special  section  of 
the  body  cavity.  The  opening  of  the  pronephros  of  Acipenser  into 
this  cavity  is  shewn  in  fig.  3dS,  pr.n.  At  this  early  stage  of  Acipenser 
(larva  of  5  mm.)  I  could  find  no  glomerulus. 

The  mesonephros  is  formed  some  distance  behind,  and  some  time 
after  the  pronephros,  both  in  Acipenser  and  Lepidosteua,  so  that  in 
the  larvae  of  both  these  genera  the  pronephros  is  for  a  considerable 
period  the  only  excretory  organ.  In  Lepidosteus  especially  the 
development  of  the  mesonephros  occurs  very  late. 

The  development  of  the  mesonephros  hcis  not  been  worked  out  in 
Lepidosteus,  but  in  Acipenser  the  anterior  segmental  tubes  become 
first  established  as  (I  believe)  solid  cords  of  cells,  attached  at  one 
extremity  to  the  peritoneal  epithelium  on  each  side  of  the  insertion 
of  the  mesentery,  and  extending  upwards  and  outwards  round  the 
segmental  duct'.  The  posterior  segmental  tubes  arise  later  than  the 
anterior,  and  (as  far  as  can  be  determined  from  the  sections  in  my 
possession)  they  are  formed  independently  of  the  peritoneal  epithe- 
lium, on  the  dorsal  side  of  the  segmental  duct. 

'  Aoipeuser  has  been  investigated  bj  FttTbringer,  Salensky,  Sedgwiek,  and  also  bj 
myself,  and  Lepidoatena  b;  W.  N.  Parker  and  mTself. 

*  I  have  not  fnll;  pioved  this  point,  but  have  Dever  fonnd  more  than  one  opening. 

*  Whether  the  segmental  tubes  are  formed  as  ingrowths  of  the  peritooeal  epithelium, 
or  JH  >itu,  oould  not  be  determined. 
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In  later  stagea  (larvse  of  7 — 10  mm.)  the  anterior  Beffmeotal 
tubes  gradually  lose  their  atrtacbment  to  the  peritoneal  epithelium. 
The  extremity  near  the  peritoneal  epithelium  forms  a  Malpighian 
body,  and  the  other  end  unites  with  the  segmental  duct.  At  a  still 
later  st^e  wide  peritoneal  funnels  are  established,  for  at  any  rate  a 
considerable  number  of  the  tubes,  leading  from  the  body  cavity 
to  the  HaJpighian  bodies.  These  funnels  have  been  noticed  by 
FUrbringer,  Salensky  and  myself,  but  their  mode  of  developmeut 
has  not,  so  far  as  I  know,  been  made  out.  The  funnels  appear  to  be 
no  longer  present  in  the  adult.  The  development  of  the  Mullerian 
ducts  has  not  been  worked  out. 

Dipnoi.  The  excretory  system  of  the  Dipnoi  is  only  known  in  tbe 
ailult,  but  though  in  some  re- 
BppctH  intennediate  in  character 
between  that  of  the  Ganoidei 
and  Amphibia,  it  resembles  that 
of  the  Ganoidei  in  the  importaut 
feature  of  the  MQllerian  duots 
serving  as  genital  ducts  in  Ixith 

,  Amphibia.    In  Amphibia 

(Gotte,  Ftlrbringer)  the  de- 
velopment of  the  excretory 
system  commences,  as  in  Tele- 
ostei,  by  the  formation  of  the 
segmental  duct  from  a  groove 
formed  by  a  fold  of  the  somatic 
layer  of  the  peritoneal  epithe- 
lium, near  the  dorsal  bonier  of 
the  body  cavity  (fig.  399,  «). 
The  anterior  end  of  the  groove 
is  placed  immediately  behind 
the  branchial  region.  Its  pos- 
■^  tenor  part  soon  becomes  con- 

Fio.  398.  Tbamsvebbe  aEciioN  iHRonoH  verted  into  a  canal  by  a  con- 
AofpKin«'R*5  M^M^?N  lknoth"  '"'  *  '^'"*  "  strictioD  which  commences  a 
.1.  epithelium  of  stomach;  yh.  yolk;  ,h.  ^hort  way  from  the  front  end 
notoohord.  below  which  is  &  subnotoaliordal  01  the  groove,  atid  theuce  ex- 
rod;  pr.Ti.  pronephroB;  oo.  aorta;  mp.  muscle-  tends  backwards.  This  canal 
plate  formed  of  lar({e  oelU,  the  outer  partB  of     „+  fi„  i   „    i„   vi-    ji.,     i  , 

which  are  difTerentiated  into  contrMUirfibres;      ^^  °^f^   ^^^^   blindly  close    to 
if.c.  spinal  cord;  b.c.  body  caTity.  the  cloaca,  into  which  however 

it  soon  opens. 
The  anterior  open  part  of  the  groove  in  front  of  the  constriction 
{fig,  399,  w)  becomes  differentiated  into  a  longitudinal  duct,  which 
remains  in  open  communication  with  the  body  cavity  by  two  (many 
Urodela)  three  (many  Anura)  or  four  (Cfeciliidie)  canala  This  con- 
stitutes the  dorsal  part  of  the  pronephros.     The  ventral  part  of  the 
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gUiiiJ  is  formed  IVom  the  section  of  the  duct  immediately  behind  the 
longitudinal  canal.     This  part  growH  in  length,  and,  aasuming   an 
S- shaped    curvature,    becomes    placed    on 
the  ventral  side  of  the  first  formed  part  * 

of  the  pronephros.  By  continuous  growth 
in  a  limited  apace  the  convolutions  of  the 
caual  of  the  pronephros  become  more  nu- 
merous, and  the  complexity  of  the  gland 
is  further  increased  by  the  outgrowth  of 
blindly  ending  diverticula. 

At  the  root  of  the  mesentery,  opposite  ^ 

the  peritoneal  openings  of  the  pronephros,  ^ 

a  longitudinal  fold,  lined  by  peritoneal  epi- 
thelium, and  attached  by  a  narrow  band  '*' 
of  tissue,  makes  its  appearance.  It  soon 
becomes  highly  vascular,  and  constitutes 
a  glomerulus  homologous  with  that  in 
Petromyzon  and  Teleostei. 

The  section  of  the  body  cavity  which 
contains  the  openings  of  the  pronephros  and 
the  glomerulus,  becomes  dilated,  and  then 
temporarily  shut  off  from  the  remainder. 
At  a  later  period  it  forms  a  special  though 
not  completely  isolated  compartment  For 
a  long  time  the  pronephros  and  its  duct 
fonn  the  only  excretory  oi^aus  of  larval 
Amphibia.  Eventually  however  the  form- 
ation   of   the    mesonephros    commences, 

and    is    followed    by   the    atrophy    of   the      neut*!  cri ;  m.  lateral  maede ; 
,  nvi  I  ■  m*.  outer  laver  of  mDBCIe-Dlate: 

pronephros.  Ihe  mesonephri>s  is  com- 
posed, as  in  other  types,  of  a  series  of 
segmental  tubes,  but  these,  except  in  Coe- 
ciliidas,  no  longer  correspond  in  number 
with  the  myotomes,  but  are  in  all  instances 
more  numerous.      Moreover,  in  the  pos- 
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BTOLi-BicE.  (After  Qdtte.) 
a.  fold  of  epiblaat  ooatinu- 
B  with  tbe  dorsal  fln ;    '  ' 


di*.  outer  layer  of  niDBcIe- plate; 
.  lateral  ^ta  of  meeoblast; 
'.  meeeiiteiy;  «.  opea  ead  of 
he  Begmental  dnct,  vhich 
forrns  the  pronephroa  ;  /. 
entary  tract;  /'.  ventral 
divertioalnm  whioh  beromee 
tJie  liver;  f.  junctioo  of  jolk 
,    ,,  ,  -      -.,  cells  and  hypoblaet  cells;    d. 

tenor    part    of  the    mesonephros    in    tlie     j^\^  celU. 
Urodeles,  and  through  the  whole  length 

of  the  gland  in  other  types,  secondary  and  tertiary  segmental  tubes 
are  formed  in  addition  to  the  primary  tubes. 

The  development  of  the  meooiiephros  coramenceB  in  Snlauiandta  (Fur- 
bringer)  with  (jie  formation  of  a  series  of  rolid  cords,  which  in  the  anterior 
myotomes  npring  fi-om  the  p<'ritoiieal  epithelium  on  the  inner  aide  of  the 
segmental  duct,  but  poetmorli/  ariie  independentlt/  of  UiU  epU/ieliain  in  the 
luljoining  mmoblatt.  Sedgwick  JnfortuB  me  that  in  the  Frog  the  segmental 
tubes  are  throughout  developed  in  the  mesoblaat,  independently  of  the 
(leritoneHl  e})ithelium.  These  cords  next  become  detached  from  the  peri- 
toneal epithelium  (in  so  far  as  they  are  priniitivdiy  nnited  to  it),  and  after 
tirat  asftniniiig  a  veniciilur  form,  grow  out  iuto  coiled  tii)>e«,  with  a  median 
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limb  the  blind  end  of  whicfa  assists  in  fcn-ming  a.  M&lpighian  body,  and  & 
lateral  limb  which  coniee  in  contact  with  aud  opens  into  the  s^niental 
duct,  aud  an  intermediate  portion  connecting  the  two.  At  the  Junctian 
of  the  median  with  the  intcimediate  portion,  and  therafiire  at  tlte  neck  <^ 
the  Malpighian  body,  a  canal  grows  out  in  a  ventral  dii'oction,  which  meets 
tlje  peritoiu<nl  epithelium,  and  then  develops  a  funnel -shajied  opening  into 
the  body  cavity,  which  subsequently  becomes  ciliated.  In  this  "way  tJbe 
peritoneal  funnels  which  are  present  in  the  adult  are  established. 

The  median  and  lateral  sections  of  the  segmental  tubes  become  highly 
convoluted,  and  the  separate  tnbes  soon  come  into  such  close  proximitj 
that  their  primitiTe  distiiiotnesa  is  lost. 

The  first  fully  developed  segmental  tube  is  formed  in  Salamandr* 
inaculata  in  about  the  sixth  myotome  behind  the  pronephros.  Bat  in  the 
region  between  the  two  structures  rudimentary  segmrntal  tubes  axe  de- 
veloped. 

The  number  of  primary  segmental  tubes  in  the  separate  myotomes  of 
Salanisndra  is  an  follows  : 
In  the  6th  myotome  ((.e.  the  first  with  a  true 

b^meutal  tube)  .....   1 — 2        segmental  tubes 


-10th  myotome 
11th 
13ih 
13th 
13th— 16th  „ 


,  3— i 

.  3— 4  or  4 — 5  , 

.  4— B 

.  5—6 


are  not  only  more  numerous 
each  myotome  increases  from 


It  thus  appears  that  the  segmental  tubas 

thsn  the  myotomes,  but  that  iJie  number  i 

before   backwards.     In  the  case  of  SaJamandra  there  are  formed  in  the 

region  [if  thejxMterior  (10 — 16}  myotomes  secondary,  tertiary,  etc.  segmental 

tnbes  out  of  independent  solid  cords,  which  arise  in  the  mesobkat  doreally 

to  the  tubes  already  established. 

The  secondary  segmental  tubes  appear  to  develop  out  of  these  cords 
exactly  in  the  same  way  as  the  primary  ones,  except  tiat  they  do  not  join 
the  segmental  duct  directly,  but  unite  with  the  primary  s^mental  tubes 
shortly  before  the  junction  of  the  latter  with  the  segmeutAl  duct  In  this 
way  compound  segmental  tubes  are  established  with  a  common  collecting 
tube,  but  with  numerous  Malpighian  bodies  and  ciliated  peritoneal  open- 
ings. The  diCTerence  in  the  mode  of  origin  of  these  compound  tubes  and 
of  those  in  Elasmobrauchti  is  very  striking. 

The  later  stages  in  the  development  of  the  s^pnental  tubes  have  not 
been  studied  in  the  other  Amphibian  types. 

Ill  Cteciliidie  the  earliest  stages  are  not  known,  but  the  tubes  pre- 
sent in  the  adult  (Spengel)'  a  trnly  segmental  arrangement,  and  in  the 
young  each  of  them  is  single,  and  provided  with  only  a  single  peritoneal 
fnnneh  In  the  adult  however  many  of  the  segmental  organs  become 
compound,  and  may  have  as  many  as  twenty  funnels,  etc  Both  simple 
and  compound  s^mental  tubes  occnr  in  all  parts  of  the  me80ne]ihros,  and 
are  arranged  in  no  definite  order. 

In  the  Anura  (Spengel)  all  the  segmental  tubes  are  compound,  and  an 
enormous  number  of  peritonetil  funnels  are  present  on  the  ventral  snr&ce, 
but  it  has  not  yet  hern  definitely  determined  into  what  jiart  of  the  a^ 
mental  tubes  they  opeu. 
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Before  stealing  with  the  Further  changea  of  the  Wolffian  body  it  i3 
necessary  to  return  to  the  segmental  duct,  which,  at  the  time  when 
the  pronephms  ia  undergoing  atrophy,  becomes  split  into  a  dorsal 
Wolffian  and  venti&l  Mullerian  duct.  The  process  in  Salamandra 
(Fiirbringer)  has  much  the  same  character  as  in  Elasmobranchii,  the 
Miitlerian  duct  being  formed  by  the  gradual  separation,  from  before 
backwards,  of  a  solid  row  of  cells  from  the  ventral  side  of  the  seg- 
mental  duct,  the  remainder  of  the  duct  constituting  the  Wolffian 
duct  During  the  formation  of  the  Mullerian  duct  its  anterior 
part  l>ecomes  hollow,  and  attaching  itself  in  front  to  the  peritoneal 
epithelium  acquires  an  opening  into  the  body  cavity.  The  process  of 
hollowing  is  continued  backwards  ;>artpa«8u  with  the  splitting  of  the 
segmental  duct,  In  the  female  the  process  is  continued  till  the 
Mullerianductopens,  close  to  the  Wolffian  duct,  into  the  cloaca.  In  the 
male  the  duct  usually  ends  blindly.  It  is  iniportant  to  notice  that 
the  abdominal  opening  of  the  Uiillerian  duct  in  the  Amphibia 
(Salamandra)  is  a  formation  independent  of  the  pronephros,  and 
placed  slightly  behind  it ;  and  that  the  undivided  anterior  part  of  the 
segmental  duct  (with  the  pronephros)  ie  not,  as  in  Elasmobranchii, 
united  with  the  Uiitlerian  duct,  but  remains  connected  with  the 
Wolffian  dnct 

The  derelopment  of  tlie  Mullerian  dunt  has  not  been  satiHractiirily 
studied  in  other  forms  b«j8idee  Snltunaiidra.  In  Cisciliidte  its  abdomitial 
opeDinf;  is  on  a  level  with  the  anterior  end  of  the  Wolffiun  body.  Id  other 
forms  it  is  nitually  placed  very  far  forwards,  close  to  the  root  of  the  lungB 
(except  in  Proteus  and  Batrachoseps,  where  it  is  placed  Bomewhat  further 
batJc),  and  some  distance  in  front  of  the  Wolfiian  body. 

The  Mttllerian  duct  is  always  well  developed  in  the  female,  and  serves 
a8  oviduct.  In  the  male  it  does  not  (except  possibly  in  Alytes)  asuist 
in  the  transportatiiin  of  the  genital  products,  and  is  always  more  or  less 
rudiuientarj,  and  in  Anura  may  be  completely  absent. 

After  the  formation  of  the  Mullerian  duct,  the  Wolffian  duct 
remains  as  the  excretory  channel  for  the  Wolffian  body,  and,  till  the 
atrophy  of  the  pronephros,  for  this  gland  also.  Its  anterior  section, 
in  front  of  the  Wolffian  body,  undergoes  a  more  or  less  complete 
atrophy. 

The  further  changes  of  the  excretory  system  concern  (1)  the  junction 
in  the  male  of  the  anterior  part  of  the  Wolffian  body  with  the  testis ; 
(2)  certain  changes  in  the  collecting  tubes  of  the  posterior  part  of 
the  mesonephros.  The  first  of  these  processes  results  in  the  division 
of  the  Wolffian  body  into  a  sexual  and  a  nou-sexual  part,  and  in 
Salamandra  aud  other  Urodeles  the  division  corresponds  with  the  dis- 
tribution of  the  simple  aud  compound  segmental  tubes. 

Since  the  development  of  the  canals  connecting  the  testes  with 
the  sexual  part  of  the  Wolffian  body  has  not  been  in  all  points    ' 
satisfactorily  elucidated,  it  will  be  convenient  to  commence  with  a 
description  of  the  adult  arrangement  of  the  parts  (fig.  400  B).     In 
most  instances  a  non  segmental  system  of  caiial» — the  vasa  etFerentia 
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(fie) — comiugfrom  the  testin,  fall  into  a  canal  known  us  tlmlungitudiual 
canal  of  the  Wolffian  body,  from  which  there  pass  off  tranitverse  canals, 
which  fall  into,  and  are  equal  in  number  to,  the  primary  Malpighiao 
bodies  of  the  sexual  pait  of  the  gland.  The  spermatozoa,  brought 
to  the  M^lpighian  bodies,  are  thence  transported  along  the  tegmental 
tubes  to  the  Wolffian  duct,  and  bo  to  the  exterior.  The  system  of 
canals  connecting  the  testis  with  the  Malpighian  bodies  is  known  as 
the  testicular  network.  The  number  of  segmental  tubes  connecte*! 
with  the  testis  varies  very  greatly.  In  Siredon  there  are  aa  many  as 
from  30—32  (Spengel). 

The  longitudinal  canal  of  the  Wolffian  body  is  in  rare  iiiBtaoceB  (Spe- 
lerpefi,  etc)  nbaent,  where  the  sexual  part  of  the  Wolffian  body  is  slt^htlj 
developed.  In  the  Urodela  the  testes  are  united  with  the  anterior  part  of 
the  Wolffian  body.  In  the  CoeciliidK  the  junction  takes  place  in  an  homo- 
logous |iai-t  of  the  Wolffiim  body,  hut,  owing  to  the  development  of  the  an- 
turior  s^mental  tubes,  which  are  mdimBntary  in  the  Urodela,  it  is  situated 
some  way  behind  the  front  end.  Amongst  the  Anura  the  connection  of 
the  testis  with  the  tubuleu  of  the  Wolffiu)  body  is  subject  to  txinuderable 
variations.  In  Bufo  cinereiis  the  noriuHl  Urodele  type  is  preserved,  and 
in  Bomliiiiator  the  same  arrangement  is  found  in  a  rudimentary  condition, 
in  that  there  are  transverse  tiunks  from  the  longitudinal  caiuil  of  the 
Wolffian  biHy,  which  end  blindly,  while  the  semen  is  carried  into  the 
Wolffian  duot  by  canals  in  front  of  the  Wolffian  body.  In  Alyt«8  and 
Disooglossus  the  semen  is  carried  awiiy  by  a  similar  direct  continuation  of 
the  longitudinal  canal  in  front  of  the  Wolffinn  body,  but  there  are  uo 
rudimentary  transverse  canals  passing  into  the  Wolffian  body,  as  in  Biimbi- 
nator.  In  Rana  the  transverse  ducts  which  {lass  off  from  tbe  longitudinal 
canal  of  the  Wolffian  body,  after  dilating  to  form  (t)  rudimentary  Mal- 
pighian  bodies,  enter  directly  iiito  the  collecting  tuboi  near  their  opening 
iuto  the  Wolffian  duct. 

In  most  Urodelca  the  peritoneal  openings  connected  with  the  primary 
generative  Malpighian  bodies  atrophy,  but  in  Spelerpes  they  jteraist.  In 
the  Oceciliidte  tijey  also  remain  in  the  adult  state. 

With  reference  to  the  development  of  these  parts  little  is  known 
except  that  the  testicular  network  grows  out  from  the  primary  Mal- 
pighian bodies,  and  becnmes  united  with  the  testis.  Embryological 
evidence,  as  well  as  the  fact  of  the  persistence  of  the  peritoneal  funnels 
of  the  generative  region  in  the  adults  of  some  forms,  proves  that  the 
testicular  network  is  not  developed  from  the  peritoneal  funnels. 

RiidimentH  of  the  testicular  network  are  frmnd  in  the  female  Coeciliidte 
and  in  the  females  of  many  Urodela  (Salamandra,  Triton).  These  rudi. 
meiits  mHy  in  their  fullest  development  consist  of  a  longitudinal  canal  and 
of  transverse  canals  jiaasiiig  (rem  this  to  the  Malpighian  bodies,  together 
with  pome  branches  passing  into  the  mesovariuin. 

Amongst  the  Urodela  the  collecting  tubes  of  the  hinder  non-sexual 
part  of  the  Wolffian  body,  which  probably  represents  a  rudimentary  nieta- 
nephros,  undergo  in  the  male  sex  a  change  similar  to  t^t  which  they 
usually  undergo  in  Elssmohranchii.  Their  points  of  junction  with  tlie 
Wolffian  duct  are  carried  back  to  the  hindemiont  end  of  the  duct  (Sg. 
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400   B),  and  tlie  collecting  tubes  themselves  nnite  together  into  one  or 
more  ehort  ducts  (ureters)  before  joining  the  WolfGan  liuct. 

In  Batmclioitepa  onl;  the  first  collecting  tube  becomes  split  o£F  in 
thit  way;  anil  it  forms  a  single  elongated  ureter  which  receives  all  the 
collecting  tubes  of  the  posterior  segiuental  tubes.  In  the  female  and  in 
the  male  of  Proteus,  Menobninchus,  and  Siren  the  collecting  tubtts  retain 
their  primitive  trausTeme  course  and  open  laterally  into  the  Wolffian  duct. 
In  rare  cases  (Ellijisoglossus,  Speru/d)  the  ureters  open  directly  into  the 

The   urinary  bladder  of  the  Ampliibia  is  an  outgrowth  of  tlie 
ventral    wall  of  the  cloacal  section  of  the  alimentary  tract,  and  is 
homologous   with  ^  the   allantois  of  the 
amniotic  Vertebra ta. 

The  subjoined  diagram  (fig.  400)  of 
the  urogenital  system  of  Triton  illus- 
trates the  more  important  points  of  the 
preceding  description. 

In  the  female  (A)  the  following  parts 
are  present : 

(1)  The  Miillerian  duct  or  oviduct 
{od)  derived  from  the  splitting  of  the 
segmental  duct, 

(2)  The   Wolffian  duct  {axtg)   con-     ^ 
stituting  the  portion  of  the  segmental 
duct   left   after    the    formation   of  the 
Miillerian  duct. 

(3)  The  me!*onephn)s(r), divided  into 
an  anterior  sexual  part  connected  with 
a  mdimentary  testicular  network,  and  a 
posterior  part.  The  collecting  tubes 
from  both  parts  fall  transversely  into 
the  Wolffian  duct. 

(4)  The  ovary  (ov). 

(0)  The  rudimentary  testicular  net- 
work. 

In  the  male  (B)  the  following  parts 
are  present : 

(1)  The  functionless  though  fairly 
developed  Miillerian  duct(m). 

(2)  The  WolfBan  duct  {sxig). 

(3)  The  mesonephros  (r/  divided 
into  a  true  sexual  part,  through  the 
segmental  tubes  of  which  the  semen 
passes,  and  a  non-sexual  part.  The 
collecting  tubes  of  the  latter  do  not 
enter  the  Wolffian  duct  directly,  but 
bend  obliquely  backwards  and  only  fall 


Dltonill       OF      THE 

(From  UeReiibanr;  afler  Speugel.) 
A.  Female.     B.  Male, 
r.  mesoDephroB,  on  the  aarfoce 
at  whioh  DumeToas  peritoneal  fun- 


or  Wolffian  duct;  od.  ovidnct 
(Miilleriaii  duct);  m.  Miillerian 
dnet  of  male;  ne.  vasa  eCfBrentift 
of  testis;  t.teBtiH;  ov.  oTary:  up. 
urinngeuital  pore. 
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into  it  close  to  its  cloacal  nurture,  aft*r  unitiog  to  fonn  one  or  two 
p.iniaiy  tubes  (uretera) 

(4)  'I'he  testicular  network  (we)  conBisting  of  (1)  tT^nsvei^se  ducts 
from  the  testes,  falling  into  (2)  the  longitudinal  canal  of  the  Wol£5aa 
bo<ly,  from  which  (3)  transverse  canals  are  again  given  off  to  the 
Malpighian  tvodiea. 

Anmiota.  The  amniotic  Vertelirata  agree,  so  far  as  is  known, 
very  closely  aroongst  themselres  in  the  formation  of  the  urinogenitaJ 
system. 

The  most  characteristic  feature  of  the  system  is  the  full  de- 
velopment of  a  metanephros,  which  constitutes  the  functional  kidney 
on  the  atrophy  of  the  me»onephrns  or  Wolffian  body,  which  is  a 
inirely  embryonic  organ.  The  first  pa't  of  the  system  to  develop  is 
a  duct,  which  is  usually  spoken  of  as  the  Wolffian  duct,  bat  which  is 
really  the  hnmologue  of  the  segmental  duct.  It  apparently  develops 
iu  ail  the  Amniota  nearly  on  the  Elasmobraoch  type,  as  a  solid  rod. 
primarily  derived  from  the  somatic  mesoblast  of  the  intermediate 
cell  mass  (fig.  401  W.d\\ 

The  first  trace  of  it  is  visible  in  an  embryo  Chick  with  eight 
somites,  as  a  riilge  projecting  from  the  intermediate  cell  mass  to- 
wards the  epiblast  in  the  region  of  the  seventh  somite.  In  the 
course  of  further  development  it  continues  to  constitute  such  a  ridge 
as  far  as  the  eleventh  somite  (Sedgwick),  but  from  this  point  it  grows 
backwards  in  the  space  between  the  epiblast  and  mesoblast.  In  an 
embryo  with  fourteen  somites  a  small  lumen  has  appearei)  in  its 
middle  part  and  in  front  it  is  connected  with  rudimentary  Wolffian 
tubules,  which  develop  in  continuity  with  it  (Sedgwick).  In  the 
succeeding  stages  the  himen  of  the  duct  gradually  extends  Iiackwards 
and  forwards,  and  the  duct  itself  also  passes  inwards  relatively  to  the 
epiblast  {fig.  402).  Its  hind  end  elongates  till  it  comes  into  con- 
nection with,  and  opens  into,  the  cloaral  section  of  the  hind-gut*. 

It  might  have  been  anticipated  that,  as  in  the  lower  types,  the 
anteriur  end  of  the  segmental  duct  would  either  open  into  the  body 
cavity,  or  come  into  connection  with  a  pronephros.  Neither  of  these 
occurrences  take  place,  though  in  some  types  (the  Fowl)  a  structure, 
which  is  probably  the  rudiment  of  a  pronephros,  is  developed  ;  it 
does  not  however  appear  till  a  later  stage,  and  is  then  unconnected 
with  the  segmental  duct.  The  next  part  of  the  system  to  appear  is 
the  mesonephros  or  Wolffian, body. 

This  is  formed  in  all  Amniota  as  a  series  of  segmental  tubes, 
which  in  LacertiliafBraun)  correspond  with  the  myotomes,  but  in  Birds 
and  Mammalia  are  more  numerous. 

1  Danskj  and  EoBt«mUch  (Ko.  543)  describe  the  Wolffian  duet  in  Um  Chid  u 
developing  from  s  groove  tmeniDg  to  ure  peritoaeal  eavity .  which  ■abaequentlf  becoDHi 
ooDatrioted  into  a  duct.  1  tisTe  never  met  with  siwoinienB  eneh  v.  thoee  fiinirod  br 
these  antbora. 

•  The  foren 
curious  irrpguUritics  and  an  anterior  i 
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In  Reptilia  (Bnuio,  No.  542),  the  i 
meatally-arranged  masatts  on  th«  iniiei 


leROneplirii:  tulies  devdop  as  aeg- 
aide  of  the  WollBan  duct,  mid 


Pia.  401.    Trahbte 

i[.e.  Diedullaiy  csd&I;  P.v.  mesoblastio  somite;  IT.if.  Wolffian  doot  vhich  is  in 
contact  with  tbe  intermeiliat«  cell  maM;  So.  aomatopleore ;  S.p.  apUnchnopleare ; 
p.p.  plenroperitoneal  eavity ;  ch.  notochord;   op.  boanoaiy  of  area  opoca;  v.  blood- 


appear  to  be  at  first  united  with  the  peritoneal  epithelium.  Elach  mfus  Bonn 
iMComes  an  oval  vteicle,  probablf  opening  for  a  very  ahort  period  into  the 
peritoneal  cavity  by  a  peritoneal  funnel  The  vesicles  become  very  early 
detached  from  tjie  peritoneal  epithelium,  aud  lateiul  outgrowths  fmm  them 
g^ve  rise  to  the  main  parts  of  the  s^mental  tubes,  which  soon  unite  with 
die  segmental  duct. 

In  Birds  the  development  of  the  segmental  tubes  is  more  complicated '. 

The  tuhutes  of  the  Wol£Ban  body  are  derived  from  the  intermediate 
cell  mass,  shewn  in  fig.  401,  btttween  the  upper  end  of  the  body  cavity 
and  the  muacle-plate.  In  the  Chick  the  mode  of  development  of  thia 
mass  into  the  segmental  tubules  Is  different  in  t)ie  regionn  in  front  of  and 
behind  about  the  sixteenth  segment.  In  frout  of  about  the  sixteenth  seg- 
ment the  intermediate  cell  mass  becomes  detached  from  the  peritoaoal 
epithelium  at  certain  jioints,  remaining  attached  to  it  at  other  [Mints, 
there  being  several  such  to  each  segment.  The  part«  of  the  intermediate 
cell  mass  attached  to  the  peritoneal  epithelium  become  converted  into 
S-shaped  cords  (fig.  403,  »t)  which  soon  unite  with  the  segmental  duct  {tod). 
Into  the  commencement  of  each  of  these  cords  the  lumen  of  the  body 
cavity  ia  for  a  short  distance  prolonged,  so  that  this  part  constitutes  a 
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rudiment&ry  peritoneal  funnel.  In  the  Duct  the  attachment  of  the  inter- 
mediate cell  mass  to  the  peritoneal  epithelium  ia  prolonged  furtLer  back 
tlian  in  the  Chick. 

In  the  toreinost  segmental  tubes,  which  never  reach  a  very  complete 
development,  the  peritoneal  funnels  widen  coDxideralily,  while  at  the  same 
time  Uiey  acquire  a  distinct  lumen.  The  section  of  the  tube  adjoining 
the  wide  peritiiueal  funnel  becomes  partially  iuvagiuated  by  the  Ibrumition 
of  a  glomerulus,  and  thia  glumerulua  soon  grows  to  such  uu  extent  an  to 
project  through  the  peritoneal  funnel,  the  neck  of  which  it  completely 
fills,  into  the  body  cavity  (fig.  403,  gl).  There  is  thus  formed  a  seriea  of 
free  poritoikeal  glomeruli  belonging  to  the  anterior  Wolffian  tubuli  '.  These 
tubiili  become  however  early  aborted. 

In  the  case  of  the  remaining  tubules  deveIo[ied  from  the  S-shaped  oords 
the  attachment  to  the  peritoneal  epithelium  ia  very  soim  lost.  The  cords 
acquire  a  lumen,  and  open  into  LLe -F«gmenta]  duct.  Their  blind  extremi* 
tie»  constitute  the  rudiments  of  Malpighiun  bodies. 

In  the  posterior  pai-t  of  the  Wolffian  body  of  the  Chick  the  inter- 
meiliate  cell  mass  becomes  very  early  detached  from  the  peritoneal  epi- 
thelium, and  at  a  considerably  later  period  breaks  up  into  oval  vesicles 

■V  a  sp  e 
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am.  amnion;  to.  eomatopleure ;  ip.  splanchnoplenre ;  «d.  Wolffian  doot;  ■(.  Mg- 
mental  tube;  ca.r.  cardinal  vein ;  >h.>.  mus«l«-ptate ;  if-g-  spinal  ganglion ;  ip.c.  spinal 
cord;  eh.  notochord;  ao.  aorta;  hy.  bypoblaBt. 

'  These  external  glomeruli  were  originally  mistaken  by  me  (No.  530)  for  the 
glameniluB  of  (be  pronephroa,  from  their  reaemblance  to  (he  glcimemlDH  of  the 
Arophiliian  pronephroH.     Their  true  meaning  was  made  out  by  Sedgwick  (No.  550). 
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ximilur  to  those  of  the  Reptilia,  wLich  foim  the  riidiiuents  of  the  segmental 

Seicundarj  and  tertiary  segmental  tubules  are  formed  in  the  Chick,  on 
the  dorsal  side  of  the  piimary  tubules, 
as  direct  tliffureDtiatioiis  of  the  meso- 
blast.     Thej  open  in<lepeudttntly  iuto 
the  WoldBun  duct. 

In  Maniiiialia  the  segmentttl  tutiules 
(Egli)  am  formed  an  solid  masses  in  the 

same  situation  as  in  Birds  and  Kejitiles.  J^ 

It  is  not  known  whutber  they  are  united  I 

with  the  peiitoneul  epithelium.     They  ^ 

soon  become  oval  veaiclea,  which  de-  \ 

velop   into  complete    tubules    in    the 
manner  already  indicated. 

After  the  establish  ment  of  the 
Wolffian  body  there  is  formed  in 
both  sexes  in  all  the  Ainniuta  a 
duct,  which  in  the  female  becomes 
the  oviduct,  but  which  is  function- 
less  and  disappears  more  or  less  c 
pletely  in  the  male.     This  duct,  in 

spite  of  certain  peculiarities  in  its     ._- 

development,  is  without  doubt  ho-     e'"^*"  ""^  intern»l  parts  of  Uie  rIo- 

I      '  ...     ,.        1...,,  .  memluB  are  Dot  Buenn  in  ttus  nBnre. 

mologouH  With  the   Mullenan  duct 

of  the  Ichthyopeida.  In  cimuection  with  its  anterior  extremity  cer- 
tain structures  have  been  found  in  the  Fowl,  which  are  probably, 
on  grounds  to  be  hereafter  stated,  homolc^ous  with  the  pronephros 
(Balfour  and  Sedgwick). 

The  pronephros,  as  I  shall  call  it,  consists  of  a  slightly  con- 
voluted longitudinal  canal  with  three  or  more  peritoueul  openings 
In  the  earliest  condition,  it  consists  of  three  successive  open   in- 
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0  Chice  of  about  100  H. 

gl.  ^omeralnB ;  ffr.  peritoneal  epi- 
theUum;     Wd.   Wolffian    dnoti      ao. 

ta;  me.  mesenteiy.  Tbe  eegmental 
tube,  and  the  connection  between  tbe 


Fia.  404.     Sbctionh 
and  Sedgiriok.) 


»  sucr  (pBONErBiioa).      {After  Balfour 
A  IB  the  nth  section  of  the  serisB. 

r2.  aecoud  ridge;  irrf.  Wolffian  duct. 
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volutions  of  tlie  peritoneal  epitbelium,  connected  together  by  more 
or  less  well-defined  ridge-iike  thickenings  of  the  epithelium.  It 
takes  its  origin  from  the  layer  of  thickened  peritoneal  epithelium 
situated  near  the  dorsal  angle  of  the  body  cavity,  and  ix  situated 
some  considerable  distance  behind  the  front  end  of  the  Wolffian 
duct 

In  a  slightly  later  stt^  the  ridges  connecting  the  grooves  be- 
come partiuly  constricted  off  from  the  peritoneal  epithelium,  and 
develop  a  lumen.  The  condition  of  the  structure  at  this  stage 
is  illustrated  by  fig.  40*,  representing  three  transverse  Mectious 
through  two^grooves,  and  through  the  ridge  connecting  them. 

The  pronephros  may  in  fact  now  be  described  as  a  slightly  con- 
voluted duct,  opening  into  the  body  cavity  by  three  groove-like 
apertures,  and  continuous  behind  with  the  rudiment  of  the  true 
MdUerian  duct. 

The  stage  just  described  is  that  of  the  fullest  development 
of  the  pronephros.  In  it,  as  in  all  the  previous  stages,  there  appear 
to  he  only  tnree  main  openings  into  the  body  cavity ;  but  in  some 
sections  there  are  indications  of  the  possible  presence  of  one  or  two 
additional  rudimentary  grooves. 

In  an  embryo  not  very  much  older  than  the  one  last  described 
the  pronephros  atrophies  as  such,  its  two  posterior  openings  vanishing, 
and  its  anterior  opening  remaining  as  the  perinanent  opening  of  the 
Mtillerian  duct. 

The  pronephros  is  an  extremely  transitory  structure,  and  its 
development  and  atrophy  are  completed  between  the  90th  and  ISUtli 
hours  of  incubation. 

The  position  of  the  pronephros  in  relation  to  the  Wolffian  body 
is  shewn  in  fig.  405,  which  probably  passes  through  a  region  between 
two  of  the  peritoneal  openings.  As  long  as  the  pronephros  persists, 
the  Mttllerian  duct  consists  merely  of  a  very  small  rudiment,  con- 
tinuous with  the  hindermost  of  the  three  peritoneal  openings,  and 
its  solid  estremity  appears  to  unite  with  tlie  wails  of  the  Wolffian 
duct. 

After  the  atrophy  of  the  pronephros,  the  Miillerian  duct  com- 
mences to  gruw  rapidly,  and  fur  tne  first  part  of  its  course  it 
appears  to  be  split  off  as  a  solid  rod  from  the  outer  or  veutral  wall 
of  the  Wolffian  duct  (fig.  406).  Into  this  rod  the  lumen,  present  in 
its  front  part-,  subsequently  extends.  Its  mode  of  development  in 
front  is  thus  precisely  similar  to  that  of  the  Miillerian  duct  in 
Elasmobranchii  and  Amphibia. 

This  mode  of  development  only  occurs  however  in  the  anterior 
part  of  the  ducL  In  the  posterior  part  of  its  course  its  growing  point 
lies  in  a  bay  formed  by  the  outer  walla  of  the  Wolffian  duct,  but 
does  not  become  definitely  attached  to  that  duct  It  seems  however 
possible  that,  although  not  actually  split  off  from  the  walls  of 
the  Wolffian  duct,  it  may  grow  backwards  from  cells  derived  from 
that  duct. 
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The  ttalleriao  dticL  finally  reaches  the  cloaca  tlioiigli  it  iloea  not 


Fio.  403.     Mbction  av  tbb  Woltfian  Bonr  drtklopino  fbonephkoh  anu 
obhuai.  oiiAHP  or  ibe  rooBTH  day.     (After  WoIdcTer.)     Magnified  IGO  times, 
m.  Dieaentei?;  L.  aomatopleore;  a',  portion  of  the  germinal  epithelium  from  which 

the  involiitioii  (z)  to  (arm  the  pionephtua  {anterior  part  of  Miilkrinii  duct)  taken  pluc^; 

a.  thickened  purtioD  of  the  germinal  epithelium  in  whiob  the  primitive  germinal  cellH 

Cauda  are  Ijing;  E.  nodiQed  mesablast  which  will  form  the  itroma  of  theoTorj; 

WK.  Wolffian  body;  ^.  Wolffian  dnct. 

in  the  female  for  a  loug  time  open  into  it,  and  in  the  male  never 
(lueR  so. 


a  THE  WoLFFUH  DUCT.     (After  Bolfonr  and  Bud^wick.) 
In  A  the  terminal  portion  of  the  duct  jr  quite  distinct  i  in  B  it  lioa  united  with  tlie 


3y  Google 


K»4  AMSIOTA. 

The  mode  of  growtli  of  the  MUllerian  duct  in  the  posterior  part  oT  its 
course  will  best  be  understood  from  the  following  description  quoted  fi?om 
the  paper  by  Sedgwick  and  myself. 

"  A  few  eections  before  its  termination  the  Mallerian  duct  appeara  as  a 
well-defined  oval  duct  lying  in  contact  with  the  wall  of  the  "Wolffian  duct 
on  the  one  hand  and  the  germinal  ejuthelium  on  the  other.  Oradually, 
bowerer,  as  we  pass  backwards,  the  MflUerian  duct  dilates ;  the  extenwl 
wall  of  the  Wolffian  duct  adjoining  it  becomes  greatly  thickened  and 
pushed  in  in  its  middle  part,  so  as  almnnt  to  touch  the  opposite  ivall  of  the 
duct,  and  so  form  a  bay  in  which  the  Miillerian  duct  lies.  As  soon  as  the 
Mulierian  duct  has  cume  t<i  lie  in  this  bay  ite  walls  lose  their  previous 
distinctness  uf  outline,  and  the  cells  composing  them  assume  a  curious 
vacuolated  appearance.  No  well-defiued  line  of  separation  caoi  any  longer 
be  tr«oed  between  the  walls  of  the  Wolffiim  duH  and  those  of  the  Miillerian, 
but  between  the  two  is  a  narrow  clear  space  traversed  by  an  irregular  net- 
work of  fibres,  in  some  of  tlie  meshes  of  which  nuclei  are  present. 

The  Miillerian  duct  may  be  traced  in  this  condition  for  a  considerable 
number  of  sections,  the  peculiar  features  above  described  becoming  more 
and  more  marked  eis  its  termination  is  approached.  It  continues  to  dilate 
and  attains  a  maximum  size  in  the  Rectiun  or  so  before  it  disappears.  A 
lumen  may  be  observed  in  it  Dp  to  itA  very  end,  but  is  usually  irregular  iu 
outline  and  frequently  traveraed  by  strands  of  protoplasm.  The  Mallerian 
duct  finally  teruiinatea  quite  suddenly,  and  in  the  section  immediately 
behind  its  termination  the  Wolffian  dttct  assumes  Its  normal  appearance, 
and  the  part  of  its  outer  wall  on  the  level  of  the  Miillerian  duct  comes  into 
contact  with  the  germinal  epithelium." 

Before  describing  the  development  of  the  Miillerian  duct  in  other 
Amniotic  typed  it  wUI  be  well  to  say  a  few  words  as  to  the  identifications 
above  adopted.  The  identification  of  the  duct,  usually  called  the  Wolffian 
duct,  with  the  segmental  duct  (exclusive  of  the  pronephros)  appears  to  be 
morphologically  justified  for  the  following  reasons:  (1)  that  it  gives  rise 
to  jiart  of  the  Miillerian  duct  as  well  as  to  the  duct  of  the  Wolffian  body ; 
behaving  in  this  respect  precisely  as  does  the  segmental  duct  of  Elasmo- 
brunchii  and  Amphibia.  (2)  That  it  serves  as  the  duct  for  the  Wolffian 
body,  before  the  MflUerian  duct  originates  from  it.  (3)  That  it  develops 
in  a  manner  strikingly  similar  to  tliat  of  the  segmental  duct  of  various  lower 
forms. 

With  reference  to  the  pronephros  it  is  obvious  that  the  organ  identi- 
fied as  such  is  in  many  respects  similar  to  the  pronephros  of  the  Am- 
phibia. Both  consist  oi  a  somewhat  convoluted  longitudinal  canal,  with  a 
certain  number  of  peritoneal  openings  \ 

The  main  difficulties  in  the  homology  are: 

(1)  the  fact  that  the  [ironephros  in  the  Bird  is  not  united  with  the 
segmental  duet ; 

{2)  thefactthatit  is  situated  behind  the  front  end  of  the  Wolffian  body. 

It  in  to  be  remembered  in  connection  with  the  first  of  these  difficulties 
that  iu  the  formation  of  the  Mallerian  duct  in  Elasraobranchii  the  anterior 
undivided  extremity  itf  the  primitive  segmental  duct,  with  the  peritoneal 
opening,  which  probably  represents  the  pronephros,  is  attached  to  the 
Miillerian  duct,  and  not  to  the  WolffisJi  duct;  though  in  Amphibia  the  re- 
verse is  the  case.  To  explain  the  discontinuity  of  the  pronephros  with  the 
segmental  duct  it  is  only  necessary  to  suppose  that  the  segmental  duct  and 
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.  pronephroB,  which  in  the  Ichthyopsida  develop  as  a  single  formation, 
develop  in  the  Bird  as  two  iudepeadent  stractures-^a  far  from  extravagant 
supposition,  considering  that  the  pronephros  in  the  Bird  is  uodoubtedly 

'  quite  functionlesB. 

With  reference  to  the  posterior  position  of  the  pronephros  it  is  only 
necessary  to  remark  that  a  chHnge  in  position  might  easily  take  place  after 
the  aiMjuirement  of  an  independent  development,  and  that  the  shitting  is  pro- 
bably correlated  with  a  shifting  of  the  abdominal  opening  of  the  MQllerian 
duct. 

The  proDephros  has  only  been  observed  in  Birds,  and  is  very  possibly 
Bot  developed  id  other  Amniota.  The  Uulleiian  duct  is  also  usually 
stated  to  develop  as  a  groove  of  the  peritoneal  epithelium,  shewn  in  the 
Lizard  in  fig.  -lol,  md.,  which  is  continued  backward  as  a  primitively 
Bolid  rod  in  the  space  between  the  WolflSan  duct  and  peritoneal 
epithelium,  without  becoming  attached  to  the  Wolffian  duct. 

On  the  formation  of  the  Miillerian  duct,  the  duct  of  the  moso- 
nepbros  becomes  the  true  mesonephric  or  Wolffian  duct. 

After  these  changes  have  taken  place  a  new  organ  of  great 
importance  makes  its  appearance.  This  organ  is  the  permanent 
kidney,  or  metanephros. 

Metanephros.  The  mode  of  development  of  the  metanephros 
has  as  yet  only  been  satisfactorily  elucidated  in  the  Chick  (Sedgwick, 
Mo.  549)-  '^"^  ureter  and  the  collecting  tubes  of  the  kidney  are 
developed  from  a  dorsal  outgrowth  of  the  hiudar  part  of  the  Wolffian 
duct.  The  ou^rowth  from  the  Wolffian  duct  grows  forwards,  and 
extends  along  the  outer  side  of  a  mass  of  mesoblastic  tissue  which 
lies  mainly  behind,  but  somewhat  overlaps  the  dorsal  aspect  of  the 
Wolffian  body. 

This  mass  of  mesoblastic  cells  may  be  called  the  metanephric 
blastema  Sedgwick,  of  the  accuracy  of  whose  account  I  have 
satisfied  myself,  has  shewn  that  in  the  Chick  it  is  derived  from 
the  intermediate  cell  mass  of  the  region  of  about  the  thirty-first 
to  the  thirty-fourth  somite.  It  is  at  first  continuous  with,  and 
indistinguishable  in  structure  from,  the  portion  of  the  iutennediate 
cell  mass  of  the  region  immediately  in  frout  of  it,  which  breaks  up 
into  Wolffian  tubules.  The  metanephric  blastema  remains  however 
quite  passive  during  the  formation  of  the  Wolffian  tubules  in  the 
adjoining  blastema ;  and  on  the  formation  of  the  ureter  breaks  off 
from  the  Wolffian  body  in  frtfnt,  and,  growing  forwards  and  dorsal- 
wards,  places  itself  on  the  inner  side  of  the  ureter  in  the  position 
just  described. 

In  the  subsequent  development  of  the  kidney  collecting  tubes 
grow  out  from  the  ureter,  and  become  continuous  with  masses  of 
cells  of  the  metanephric  hlastema,  which  then  differentiate  them- 
selves into  the  kidney  tubules. 

The  process  just  described  appears  to  me  to  prove  that  the  kidney 
of  the  Amniota  is  a  specially  differentiated  poeterior  sectum  of  the 
primitive  meaonephroa. 

38—2 
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Accortling  h>  tlie  view  uf  Keniuk  atiii  Kullikei*  the  outgrowths  fruoi  tbe 
iii«ter  give  rine  to  the  whole  of  the  tubuli  uriuiferl  aud  the  capsules  of 
the  Malpighian  bodies,  the  luesolilast  around  them  forming  blood-vessels, 
etc.  On  the  other  baud  some  ohscrvers  (Kupfier,  Bomhaupt,  Braun)  nmin- 
tain,  in  accordance  with  the  Hccount  given  above,  that  tlie  outgrowths  of 
the  ureter  ftirm  only  tlie  collecting  tubes,  and  that  the  ^^ecreting  tuljuli,  etc- 
ai'e  formed  in  gitu  in  the  adjacent  mesobla.st. 

Braun  (No.  543)  has  arrived  at  the  conclusion  that  in  the  Lacertilia  tlie 
tissue,  out  of  which  the  tubuli  of  the  metanephros  are  formed,  ii  derived 
from  in'egular  solid  ingrowtlis  of  the  ]ieritoi)eul  e])ithelium,  iu  a  region  behind 
the  Wolffiitn  body,  but  in  a  position  corresponding  to  that  in  which  the 
eegmentol  tubes  take  their  oiigin.  These  ingrowths,  after  separ^tin^ 
fi-om  the  {)eritoneal  epithelium,  unite  together  to  form  a  curd  into  which 
the  ureter  sends  the  lateral  outgrowths  already  described.  These  out- 
growths unite  with  secreting  tubuli  and  Malpigliian  bodies,  farmed  m  situ. 
In  Lacertilia  the  blastema  of  the  kidney  extends  into  a  postanal  region. 
Braun's  account  of  the  origin  of  the  metanepbric  blastema  does  not  appear 
to  me  to  \ns  satisfactorily  demonstrated. 

The  ureter  does  not  long  remain  attached  to  the  Wolffian  duct, 
but  its  openincr  is  gradually  carried  back,  till  (in  the  Chick  between 
the  6th  and  8th  day)  it  opens  iudependeutly  into  the  cloaca. 

Of  the  further  changes  in  the  excretory  system  the  most  im- 
portant is  the  atrophy  of  the  gi^eater  part  of  the  Wolffian  body,  and 
the  conversion  of  the  Wolffian  duct  in  the  male  sex  into  the  v«s 
deferens,  as  in  Ampliihia  and  the  Klaaniobrancbii. 

The  mode  of  connection  of  tlie  testis  with  the  Wolffian  duct  is 
very  remarkable,  but  may  be  derived  from  the  primitive  arrange- 
ment characteristic  of  Elasmobranchii  and  Amphibia. 

In  the  structures  connecting  the  testis  with  the  Wolffian  boiiy 
two  parts  have  to  be  distinguished,  (1)  that  equivalent  t«  the 
testicular  network  of  the  lower  types,  (2)  that  derived  from  the 
segmental  tubes.  The  former  is  probably  to  he  found  in  peculiar 
outgrowths  from  the  Malpighian  bodies  at  the  base  of  the  testes. 

These  were  first  discovered  by  Braun  in  Reptilia,  and  consist  in 
this  group  of  a  series  of  outgrowths  from  the  primary  (?j  Malpighian 
bodies  along  the  base  <if  the  testis :  they  unite  to  form  an  interrupted 
conJ  in  the  substance  of  the  testis,  from  which  the  testicular  tubuli 
(with  the  exception  of  the  seminiferous  cells)  are  subsequently  differ- 
entiated. These  outgrowths,  with  the  exception  of  the  first  two  or 
three,  become  detached  from  the  Malpighian  bodies.  Outgrowths 
similar  to  those  in  the  male  aie  found  in  the  female,  but  subsequently 
atrophy. 

Outgrowths  hoinchlogous  with  those  found  by  Braun  have  been 
detected  by  myself  (No.  555)  in  Mammals.  It  is  not  certain  to  what 
parts  of  the  testicular  tubuli  they  give  rise,  but  they  probably  form 
at  any  rate  the  vasa  recta  and  ret^  vascnlosum. 

In  Mammals  they  also  occur  iu  the  female,  and  give  rise  to  coixli; 
fif  tissue  iu  the  ovary,  which  may  persist  through  life. 

The  comparison  of  the  tubuli,  formed  out  of  these  structures,  wiili 
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the  Elasmobrimcl)  and  Amphibian  testicular  network  is  justified  in 

that  bi>th  originate  as  oiitj^owtbs  from  the  primary  Malpigbian 
bodies,  and  thence  extend  into  the  testis,  and  come  into  connection 
with  the  true  seminiferous  stroma. 

As  in  the  lower  types  the  semen  is  transported  from  the  testicular 
network  to  the  Wolthan  duct  by  parts  of  the  glandular  tubes  of  the 
Wolffian  body.  In  the  case  of  Reptilia  the  anterior  two  or  three  seg- 
mental tubes  in  the  region  of  the  testis  probably  have  this  function. 
In  the  case  of  Mammalia  the  vasa  etferentia,  i.e.  the  coni  va^culosi, 
appear,  according  to  the  usually  accepted  view,  to  be  of  this  nature, 
though  Banks  and  other  investigators  believe  that  they  are  inde- 
pendently developed  structures.  Further  invtstigations  on  this  point 
are  required.  In  Birds  a  connection  between  the  Wolffian  body 
and  the  testis  appear.s  to  be  established  as  in  the  other 'types.  The 
Wolffian  duct  itself  becomes,  in  the  males  of  all  Amniota,  the  vas 
deferens  and  the  convoluted  canal  of  the  epididymis — the  latter 
structure  (except  the  head)  being  entirely  derived  from  the  Wolffian 
duct. 

In  the  female  the  Wolffian  duct  atrophies  more  or  less  com- 
pletely. 

In  Snakes  (Brnun)  the  posterior  part  remains  as  a  functionleas  canal, 
commencing  at  the  ovary,  and  opening  into  the  cloaca.  In  the  Gecko 
(Braun)  it  remains  as  a  Bmall  canal  joiaitig  the  ureter ;  in  Blindworms  a 
considerable  part  of  the  canal  is  left,  and  in  Lacerta  (Bi-aun)  only  inter- 
rupted portions. 

In  Mammalia  the  middle  part  of  the  duct,  known  as  GHertnei''s  canal, 
persists  in  the  females  of  some  monkeys,  of  the  pig  and  of  many  ruml- 

The  Wolffian  body  atrophies  nearly  completely  in  both  senes; 
though,  as  described  above,  part  of  it  opposite  the  testis  persists  as 
the  head  of  the  epididymis.  The  posterior  part  of  the  gland  from 
the  level  of  the  testis  may  be  called  the  sexual  part  of  the  gland, 
the  anterior  part  forming  the  non-sexual  part.  The  latter,  i.e.  the 
anterior  part,  is  first  absorbed;  and  in  some  Reptilia  the  posterior 
part,  extending  from  the  region  of  the  genital  glands  to  the  per- 
manent kidney,  peraists  till  into  the  second  year. 

Various  remnants  of  the  Wolfiiau  lioiiy  are  found  in  the  adults  of  both 
sexes  in  different  types.  The  most  constant  of  them  is  perhaps  the  part 
in  the  female  cqnivnlent  to  the  head  of  the  epididymis  and  to  parts 
also  of  the  coiled  tube  of  the  epiciidyniiH,  which  may  be  called,  with  Wal- 
deyer,  the  epoophoron'.  Thin  is  found  in  Reptiles,  Birds  and  Mammals  ; 
though  in  a  very  rudinieutftry  form  in.  the  firat-namad  group.  Remnants 
of  the  anterior  non-sexual  part  of  the  WollEan  bodies  have  been  called  by 
WaJdeyer  parepididymis  in  the  male,  and  paixKiphoron  in  the  female.  Such 
leumants  are  n^t  (firaun)  found  in  Reptiliu,  but  are  stated  to  be  found 
in  both  male  and  female  Birds,  as  a  small  organ  consisting  of  blindly 
ending  tubes  with  yellow  piginent.     In  some  male  Mammals  (including 

'  Thie  i(  (tbo  called  parovariimi  (His),  and  BoBcnmOlter's  organ. 
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Man)  a  parepididymis  is  found  on  the  upper  Bide  of  the  testis.  It  is 
usually  known  as  the  organ  of  Giraldes. 

Tbe  MUllerian  duct  forms,  as  has  been  stated,  the  oviduct  in  the 
female.  The  two  ducts  origioally  open  independently  into  the  cloaca, 
but  in  the  Mammalia  a  subsequent  modification  of  this  anrangement 
occurs,  which  is  dealt  with  in  a  separate  section.  In  Birds  the  right 
oviduct  atrophies,  a  vestige  being  sometimes  left.  In  the  male  the 
MUllerian  ducts  atrophy  more  or  less  completely. 

In  most  Reptilea  and  in  Birds  the  atrophy  of  the  Mtillerian  diicfa  is  com- 
plete in  the  male,  but  in  Lacerta  and  Anguls  a  rudiment  of  the  anterior 
part  has  been  detected  by  Leydi^  as  a  convoluted  canal.  In  the  Rabbit 
(Kolliber)'  and  probably  other  Mammals  the  whole  of  the  duots  probably 
disappears,  bat  in  some  Mammals,  e.g.  Man,  the  lower  fused  ends  of  the 
MilUerian  ducts  f(ive  rise  to  a  pocket  opening  into  the  urethra,  known  as 
tlie  uterus  raaacuUnus;  and  in  other  cases,  e.g.  the  Beaver  and  the  Asa,  the 
rudiments  are  more  considerable,  and  may  be  continued  into  horns  LomoJo- 
gous  with  the  horns  of  the  uterus  (Weber). 

The  hydatid  of  Morgani  in  the  male  is  supposed  (Waldeyer)  to  repre- 
sent the  abdominal  opening  of  the  Fatlopian  tube  in  the  female,  and  there- 
fore to  be  a  remnant  of  the  Mullerian  ducL 

Changes  in  the  lower paiis  of  the  urinogenitai  duels  in  the  Amniota. 

The  genital  cord.  In  the  Monodelphia  the  lower  part  of  tbe 
WolflSan  ducta  becomes  enveloped  in  both  sexes  in  a  special  cord  of 
tissue,  known  as  the  genital  cord  (fig.  407,  gc),  within  the  lower  part 
of  which  the  Mullerian  ducts  are  also  enclosed.  In  the  male  tbe 
Mullerian  ducts  in  this  cord  atrophy,  except  at  their  distal  end  where 
they  unite  to  form  the  uterus  moscuHnus.  The  Wolffian  ducts,  after 
becoming  the  vasa  deferentia,  remain  for  some  time  euclosed  in  the 
common  cord,  but  afterwards  separate  from  each  other.  The  seminal 
vesicles  are  outgrowths  of  the  vasa  deferentia. 

In  the  female  the  Wolffian  ducta  within  the  genital  cord  atrophy, 
though  rudiments  of  them  are  for  a  long  time  visible  or  even  per- 
manently persistent.  The  lower  parts  of  the  Mullerian  ducts  unite  to 
form  the  vagina  and  body  of  the  uterus.  The  junction  commences 
in  thi)  middle  and  extends  forwards  and  backwards ;  the  stage  with  a 
median  junction  being  retained  permanently  in  Maraupial.s. 

The  nrinogeiiitaJ  sinus  and  external  generative  orguns.  In  all 
the  Amniota,  there  open  at  first  into  the  common  cloaca  tbe  ali- 
mentary canal  dorsaljy,  the  allantois  ventrally,  and  the  Wolffian  and 
Mullerian  ducts  and  ureters  laterally.  In  Reptilia  and  Aves  the 
embryonic  condition  is  retained.  In  both  groups  tbe  allantois  seires 
as  an  embryonic  urinary  bladder,  but  while  it  atrophies  in  Aves,  its 
stalk  dilates  to  form  a  permanent  urinary  bladder  in  Reptilia.     In 

'  Weber  (No.  jjj)  sttttea  (bat  a  utsma  msscnlinua  is  present  io  the  Babbit,  bat 
hid  accouut  is  bv  no  meana  satiatactotr,  and  ita  preaence  ii 
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Mammalia  the  dorsal  part  of  the  cloaca  with  the  alimentary  tract  be- 
comes first  of  all  partially  constricted  o£F  from  the  ventral,  which  thea 
forms  a  uriaogenital  sinus  (fig. 
407,  ug).  In  the  course  of  de- 
velopment the  urinogenital  sinus 
becomes,  in  all  Mammalia  but 
the  Ornithodelphia,  completely 
separated  from  the  intestinal 
cloaca,  and  the  two  parts  obtaih 
separate  external  openings.  The 
ureters  (fig.  407,  3)  open  higher 
up  than  the  other  ducts  into  the 
stalk  of  the  allantois  which  di- 
lates to  form  the  bladder  (4).  The 
stalk  connecting  the  bladderwith 
the  ventral  waU  of  the  body  con- 
stitutes the  uracbus,  and  loses  its 
lumen  before  the  close  of  em- 
bryonic life.  The  part  of  the. 
stalk  of  the  allantois  below  the 
openings  of  the  ureters  narrows 
to  form  the  urethra,  which  opens 
together  with  the  Wolffian  and 
Miilleiian  ducts  into  the  urino- 
genital cloaca.  Pio-  *"■    Diwb*"  o' 

In  front  of  the  unnogenital  (After  AUen  Thomson ;  from  Qoaia's  Ana 
cloaca  there  la  formed  a  genital     u>my.) 

prominence  (fig.  407,  cp),  with  a  The   parta  are  teen   chiefly  in  profile, 

groove  continued  from  the  uri-     ^"t  f^  MiUlBrian  »nd  Wolffiw  dnotB  u« 

■  .J                             1                ,       eeeo  from  the  front, 
nogemtal  openme ;  and  on  each         „ ,„     .   „  . . .  ,, , 

Blile  a  genital  told  (Is),      in   the  chns;   ot.  genital  ridge   (ovu?  or  testia); 

male    the    sides    of    the    groove  '*'■  left  WolfSun  body ;  x,  part  at  apai  from 

on  the  prominence  coalesce  to-  "tioh  ooni  vaa^«i™  »«  »"*'^!f'  I**" 

,,  t  .        J'  "-         ■~"'  "  veloped;   w.  Wolffian  dact.    m.  Milllenan 

gether,  embracing  between  them  duot ;  ge.  genital  oord  oonsLsting  of  Wolffian 

the  opening  of  the  urinogenital  andMiUleriandactibonad  upinaeommoR 

cloaca;  and  the  prominence  itself    "^^'^  •  /.■  ^^^l  V?"  "^i^o^^itfl  "P"': 
^,  -   u  .   I.  u  uiu-ii-iit^  im^..      ^P_  elevation  which  beeomea  the  ditoni  or 
gives    nse    to    the    penis,   along     penis;  it.  ridge  from  which  the  UbU  ra»- 
which  the  common  urinogenitEii    jo™  or  Bwottun  are  deTeloped. 
passage  is  continued.     The  two 
genital  folds  unite  from  behind  forwards  to  form  the  scrotum. 

la  the  female  the  groove  on  the  genital  prominence  gradually 
disappears,  and  the  prominence  remains  as  the  clitoris,  which  is 
therefore  the  homologue  of  the  penis:  the  two  genital  folds  form 
the  labia  majora.  The  urethra  and  v^ina  open  independently  into 
the  common  urinogenital  sinus. 
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General  condunone  and  Summary. 
Pronephros.  Sedgwick  liaa  poiDted  out  tliat  the  pronephros  is 
always  prt^ent  in  types  witli  a  larval  development,  and  either  absent 
or  imperfectly  developed  in  those  types  which  undergo  the  greater 
part  of  their  development  within  the  egg.  Thus  it  is  practically 
absent  in  the  embryos  of  Elasmobranchii  aud  the  Amniota,  but 
present  in  the  larvte  of  all  other  forms. 

This  coincidence,  on  the  principles  Already  laid  down  in  a  previous 
chapter  on  larval  forms,  affords  a  strong  presumption  that  the  prone- 
phros is  an  ancestral  organ ;  and,  coupled  with  the  fact  that  it  is 
the  Brst  part  of  the  execretory  system  to  be  developed,  and  often  the 
sole  excretory  organ  for  a  considerable  period,  points  to  the  conclu- 
sion that  the  pronephros  and  its  duct — the  segmental  duct — are  the 
most  primitive  parts  of  the  Vertebrate  excretoiy  system.  This  con- 
clusion coincides  witii  that  arrived  at  by  Gegenbaur  and  Fii)-bringer. 
The  duct  of  the  pronephros  is  always  developed  prior  to  the  gland, 
and  there  are  two  types  according  to  which  its  development  may 
take  place.  It  may  either  be  formed  by  the  closing  in  of  a  con- 
tinuous groove  of  the  somatic  peritoneal  epithelium  (Amphibia, 
Teleostei,  Lepidosteus),  or  as  a  solid  knob  or  rod  of  cells  derived  from 
the  somatic  mesoblast,  which  grows  backwards  between  the  epiblast 
and  the  mesoblast  (Fetromyzon,  Elasmobranchii,  aud  the  Amniota). 

It  is  quite  certain  that  the  second  of  these  processes  is  not  a  tnie 
record  of  the  evolution  of  the  duct,  and  though  it  is  more  possible 
that  the  process  observable  in  Amphibia  and  the  Teleostei  may  afford 
some  indications  of  the  manner  in  which  the  duct  was  established, 
this  cannot  be  regarded  as  by  any  means  certain. 

The  mode  of  development  of  the  pronephros  itself  is  apparently' 
partly  dependent  on  that  of  its  duct.  In  Petromyzon,  where  the 
duct  does  not  at  first  communicate  with  the  body  cavity,  the  prone- 
phros is  formed  as  a  series  of  outgrowths  firom  the  duct,  which  meet 
the  peritoneal  epithelium  and  open  into  the  body  cavity ;  but  in 
other  instances  it  is  derived  from  the  anterior  open  end  of  the  groove 
which  gives  rise  to  the  segmental  duct.  The  open  end  of  this  groove 
may  cither  remain  single  (Teleostei,  Ganoidei)  or  be  divided  into  two, 
three  or  more  apertures  (Amphibia).  The  main  part  of  the  gland  in 
either  case  is  formed  by  convolutions  of  the  tube  connected  with  the 
peritonenl  funnel  or  funnels.  The  peritoneal  funnels  of  the  prone- 
phros appear  to  be  segmentally  arranged. 

The  pronephros  is  distinguished  from  the  mesonepbros  by  develop- 
mental as  well  as  structural  features.  The  most  important  of  the 
former  is  the  fact  that  the  glandular  tubules  of  which  it  is  formed  are 
always  outgrowths  of  the  segmental  duct ;  while  in  the  meaonepbros 
they  are  always  or  almost  always'  formed  independently  of  the  duct. 

'  According  to  8eclgnlck  tome  of  the  Anterior  Begmental  tobcB  of  Avcs  form  an 
exception  to  the  general  mle  that  there  U  no  outgroirtb  firom  the  segmeutsl  or  toetute- 
lihric  duct  to  meet  the  segmental  tubes. 
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The  chief  structural  peculiarity  of  the  pronepbrou  is  the  absence 
from  it  of  Ualpigbiaa  bodies  with  the  same  relations  as  those  in  the 
meso-  aod  metanepbros  \  unless  the  stnictures  found  in  Mjzine  are 
to  be  regarded  as  such.  Functionally  the  place  of  such  Ualpighian 
bodies  is  taken  by  the  vascular  peritoneal  ridge  spokea  of  in  tbe 
previous  pages  as  the  glomerulus. 

That  this  body  is  really  related  functionally  to  the  pronephros  appears 
to  be  indicated  (1)  by  ltd  constant  occurrence  with  tbe  pronephros  and  its 
position  opposite  the  peritoneal  openingij  of  this  bodf ;  (2)  by  its  atrophy 
at  the  same  time  as  the  pronephros ;  (3)  by  its  enclosure  together  with 
the  pronephridian  stoma  in  a  special  uonipartinent  of  the  body  cavitj  in 
Teleostei  and  Ganoids,  and  its  partial  enclneare  in  such  a  compartment  in 
A  mphibia. 

The  pronephros  atrophies  more  or  less  completely  in  most  types, 
though  it  probably  persists  for  life  in  the  Teleostei  and  Ganoids,  and 
in  fiome  members  of  tbe  former  group  it  perhaps  forms  the  sole  adult 
organ  of  excretion. 

The  cause  of  itx  atrophy  maj  perhaps  be  related  to  the  fact  that  it  is 
situated  in  the  peiicardial  region  of  the  body  cavity,  the  dorsal  part  of 
which  is  aborted  on  the  formiition  of  a  closed  pericardium ;  and  its  preserva- 
tion in  Teleoatei  and  Ganoida  mny  on  this  view  be  due  to  the  fact  that  in 
these  types  its  peritoneal  funnel  and  its  glomemlua  are  early  isolated  in  a 
sj>ecial  cavity. 

HesonepbroB.  The  mesonepbros  ts  in  all  instances  composed  of  a 
series  of  tubules  (segmental  tubes)  which  are  developed  inde- 
pendently of  the  s^mental  duct.  Each  tubule  is  typically  formed  of 
(1)  a  peritoneal  funnel  opening  into  (2)  a  Ualpighian  body,  from 
which  there  proceeds  (3)  a  coiled  glandular  tube,  finally  opening 
by  (4)  a  collecting  tube  into  the  segmental  duct,  which  constitutes 
the  prtTnitive  duct  for  the  mesonepbros  as  well  as  for  the  pronephros. 

The  development  of  the  mesonephridian  tubules  is  subject  to  con- 
siderable variations. 

(1)  They  may  be  formed  as  differentiations  of  the  intermediate 
cell  mass,  and  be  from  tbe  first  provided  with  a  lumen,  opening  into 
the  body  cavity,  and  directly  derived  from  the  section,  of  the  body- 
cavity  present  in  the  intermediate  cell  mass ;  the  peritoneal  hinnels 
often  persisting  for  life  (Elasmobianchii). 

(2)  They  may  be  formed  as  solid  cords  either  attached  to  or  inde- 
pendent of  the  peritoneal  epithelium,  which  after  first  becoming  inde- 
pendent of  the  peritoneal  epithelium  subsequently  send  downwards 
a  process,  which  unites  with  it  and  forms  a  peritoneal  funnel,  which 
may  or  may  not  persist  (Acipenser,  Amphibia). 

(3)  They  may  be  formed  as  in  the  last  case,  but  acquire  no 
secondary  connection  with  the  peritoneal  epithelium  (Teleostei, 
Amniota).  In  connection  with  the  original  attachment  to  the 
peritoneal  epithelium,  a  true  peritoneal  funnel  may  however  be 
developed  (Aves,  Lacertilia). 
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Physiological  considerations  appear  to  sbew  that  of  these  three 
methods  of  development  the  first  is  the  most  primitive.  The  deve- 
lopment of  the  tubes  as  solid  cords  can  hardly  be  pritnaiy. 

A  question  which  hiu  to  be  answered  in  reference  to  tlie  se^Tnental 
tubes  is  that  of  tbe  homology  of  the  secondsrilj  developed  peritoneal  open- 
ings of  Amphibia,  with  the  primary  openings  of  the  EliujmobrunchiL  It 
is  on  the  one  hand  difficult  to  understand  why,  if  the  openings  are  homolt^ns 
in  the  two  types,  the  original  peritoneal  attachment  should  be  obliterated 
in  Amphibia,  only  to  he  shortly  afterwards  reacquired.  On  the  other 
hand  it  is  still  more  difficult  to  understand  what  phyxiulogical  gain  there 
could  be,  on  the  assumption  of  the  non-homology  of  the  openings,  in  the 
replacement  of  the  primary  opening  by  a  secondary  opening  eicActly  BUnilar 
to  it.  Considering  the  great  variations  in  development  wluch  occur  in 
undoubtedly  homoli^oas  patts  I  incline  to  the  view  that  the  opeaingB  in 
the  two  types  are  homologous. 

In  the  majority  of  the  lower  Vertebrata  the  mesonephric  tubes  have 
at  firat  a  segmental  arrangement,  and  this  is  no  doubt  the  primitive 
condition.  The  coexistence  of  two,  three,  or  more  of  them  in  » 
single  segment  in  Amphibia,  Aves  and  Mammalia  has  recently  been 
shewn,  by  an  interesting  discovery  of  Eisig,  to  have  a.  paraUel 
amongst  Chatopods,  in  the  coexistence  of  several  segmental  oi^ns 
in  a  single  segment  in  some  of  the  Capitellidse. 

In  connection  with  the  segmental  features  of  the  mesonephros  it  is 
perhaps  worth  recalling  the  fact  that  in  Elasmobranchii  as  well  as 
other  types  there  are  traces  of  segmental  tubes  in  some  of  the 
postanal  segments.  In  the  case  of  all  the  segmental  tubes  a  MaJ- 
pigbian  body  becomes  established  close  to  the  extremity  of  the  tube 
adjoining  tbe  peritoneal  opening,  or  in  an  homologous  position  in 
tubes  without  such  an  opening.  The  opposite  extremity  of  the  tube 
always  becomes  attached  to  the  segmental  duct. 

In  many  of  the  segments  of  the  mesonephros,  espe<»ally  in  the 
hinder  ones,  secondary  and  tertiary  tubes  become  developed  in 
certain  types,  which  join  the  collecting  canals  of  the  primary  tubes, 
and  are  provided,  like  the  primary  tubes,  with  Malpighian  bodies  at 
their  blind  extremities. 

There  can  it  appears  to  me  be  little  or  no  doubt  that  the 
secondary  tubes  in  the  different  types  are  homodynamous  if  not 
homologous.  Under  these  circumstances  it  is  surprising  to  find  in 
what  different  ways  they  take  their  origin.  In  Elasmobranchii  a  bud 
sprout.s  out  from  the  Malpighian  body  of  one  segment,  and  joins  tbe 
collecting  tube  of  the  preceding  segment,  and  subsequently,  becoming 
detached  from  the  Malpighian*  body  from  which  it  sprouted,  forms 
a  fresh  secondary  Malpighian  body  at  its  blind  extremity.  Thus  tbe 
secondary  tubes  of  one  segment  are  formed  as  buds  from  the  segment 
behind.  In  Amphibia  (Salamandra)  and  Aves  the  secondary  tubes 
develop  independently  in  the  mesoblast.  These  groat  differences  in 
development  are  important  in  reference  to  the  homology  of  the  meta- 
nephros  or  permanent  kidney,  which  is  discussed  below. 
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Before  leaving  tbe  mesonepliroB  it  nuiy  be  worth  while  pnttii^  forward 

some  hypothetical  HuggostioiiB  as  to  its  origin  and  relatioa  to  the  pro- 
nephros, leaving  however  tbe  difficult  questions  as  to  the  homology  of  the 
Kegmental  tubes  with  the  segmental  organs  of  Clisstopoda  for  subsequent 
discnssion. 

It  b  a  penutiartty  in  the  development  of  the  segmental  tubes  that  tbey 
at  first  end  blindly,  though  they  subsequently  grow  till  they  meet  the  seg- 
mental duct  with  which  they  unite  directly,  without  tbe  latter  sending 
out  any  offshoot  to  meet  them'.  It  is  difScult  to  believe  that  peritoneal 
infundibula  ending  blindly  and  unprovided  with  some  ext«mal  onfice  can 
have  had  an  excretory  function,  and  we  are  therefore  rather  driven  to 
suppose  that  the  peritoneal  infnndibuta  which  become  the  segmental  tubes 
were  either  from  the  first  provided  each  with  an  oriGce  opening  to  the 
exterior,  or  were  united  with  the  segmontal  duct.  If  they  were  from  the 
first  provided  with  external  openings  we  may  suppose  that  they  became 
secondarily  attached  to  the  duct  of  the  pronephros  (segmental  duct),  and 
then  lost  their  external  openings,  no  trace  of  these  structures  being  left, 
even  in  tbe  ontogeny  of  the  system.  It  would  appear  to  me  more  probable 
that  the  pronephros,  with  its  duct  opening  into  the  cloaca,  was  the  only 
excretory  organ  of  the  unsegmented  ancestors  of  the  Chordata,  and  that, 
on  the  elongation  of  the  trunk  and  its  subsequent  segmentation,  a  series 
of  metameric  segmental  tubes  became  evolved  opening  into  the  s^menbil 
duct,  esch  tube  being  in  a  sort  of  way  serially  homologous  with  the  primi- 
tive pronephros.  With  the  segmentation  of  the  trunk  the  latter  structure 
itself  may  have  acquired  the  more  or  leas  definite  metameric  arrangement 
of  its  parts. 

Another  possible  view  is  that  the  segmental  tubes  may  be  modified 
derivates  of  posterior  lateral  branches  of  tbe  pronephros,  which  may  at 
first  have  extended  for  the  whole  length  of  the  body  cavity.  If  there  is 
any  truth  in  this  hypothesis  it  is  necessary  to  suppose  that,  when  the  un- 
segmented ancestor  of  the  Chordata  became  segmented,  the  posterior 
branches  of  the  primitive  excretory  organ  became  segmentally  arranged, 
and  that,  in  accordance  with  the  change  thus  gradually  introduced  in  them, 
the  time  of  their  development  became  deferred,  so  as  to  accord  to  a  certain 
extent  with  the  time  of  formation  of  tbe  segments  to  which  they  belonged. 
Tlie  change  in  tlieir  mode  of  development  which  would  be  thereby  intro- 
duced is  certainly  not  greater  than  that  which  has  taken  place  in  the  c&se 
of  segmental  tubes,  which,  having  originally  developed  on  the  Elasmobranch 
type,  hare  come  to  develop  as  they  do  in  the  posterior  part  of  the  meaone- 
phros  of  Sulaniandra,  Binb,  etc. 

Qflnital  ducts.  So  far  the  origin  and  development  of  the  excre- 
tory organs  have  been  considered  without  reference  to  the  modifications 
introduced  by  the  excretory  passages  coming  to  serve  as  generative 
ducts.  Such  an  unmodified  state  of  the  excretory  organs  is  perhaps 
found  permanently  in  Cyclostomata*  and  transitorily  in  the  embryos 
of  most  forms. 

1  Aa  mentioned  in  the  note  on  p.  600  Sedgniak  msintainB  thftt  the  anterior 
Begmentsl  tnbee  of  the  Chick  form  an  exception  to  this  general  Htstenient. 

>  It  is  bj  no  means  certain  that  (he  tranaportation  onCwarda  of  the  genital  products 
hj  the  abdominal  pons  in  the  Cjoloslomata  ma;  not  be  the  result  of  degeneration. 
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At  first  the  generative  pnxlitcts  seem  t<>  have  been  discliarguJ 
freely  into  the  body  cavity,  and  transported  to  the  exterior  by  the 
abdominal  pores  {wide  p.  515). 

The  secoodary  relations  of  the  excretory  ducts  to  the  generative 
organs  seem  to  have  been  introduced  by  an  opening  connected  with 
the  pronephridian  extremity  of  the  segmental  duct  having  acquired 
the  function  of  admitting  the  generative  products  into  it,  ami  of 
carrying  them  outwards  ;  so  that  primitively  the  segnie)vtal  duct  must 
have  served  as  efferent  dnct  both  for  the  generative  products  and  the 
pronephric  secretitm  (just  as  tlie  WoltEan  duct  stilt  does  for  the  testicu- 
lar products  and  secretion  of  the  Wolffian  body  in  Elasmobrancbii 
and  Amphibia), 

The  opening  by  which  the  generative  products  entered  the 
segmental  duct  can  hardly  have  been  specially  developed  for  this 
purpose,  but  must  almost  certainly  liave  been  one  of  the  peritoneal 
openings  of  the  pronephros.  As  a  consequence  (by  a  process  of 
natural  selection)  of  the  segmental  duct  having  both  a  generative  and 
a  urinary  function,  a  further  differentiation  took  place,  by  which  that 
duct  became  split  into  two — a  ventral  Mullerian  duct  and  a  dorsal 
Wolffian  duct. 

The  Mullerian  duct  was  probably  continuous  with  one  or  more 
of  the  abdominal  openings  of  the  pronephros  which  served  as  genera- 
tive pores.  At  first  the  segmental  duct  was  probably  split  longi- 
tudinally into  two  equal  portions,  and  this  mode  of  splitting  is 
exceptionally  retained  in  some  Elasmobranchii ;  but  the  generative 
function  of  the  Mullerian  duct  gradually  impressed  itself  more  and 
more  upon  the  embryonic  development,  so  that,  in  the  course  of  time, 
the  Mullerian  duct  developed  less  and  less  at  the  expense  of  the 
Wolffian  duct.  This  process  appears  partly  to  have  taken  place  in 
Elasmobranchii,  and  still  more  in  Amphibia,  the  Amphibia  offering 
in  this  respect  a  less  primitive  condition  than  the  Elasmobranchii; 
while  in  Aves  it  has  been  carried  even  further,  and  it  seems  pos- 
sible that  in  some  Amniota  the  Mullerian  and  segmental  ducts 
may  actua'ly  develop  independently,  as  they  do  exceptionally  in 
individual  specimens  of  Salamandra  (Furbringer).  The  abdominal 
opening  no  doubt  also  became  specialised.  At  first  it  is  quite  possible 
that  more  than  one  pronephric  abdominal  funnel  may  have  served 
for  the  entrance  of  the  geoerative  products;  this  function  being, 
no  doubt,  eventually  restricted  to  one  of  them. 

Three  different  types  of  development  of  the  abdominal  opening  of 
tlie  Mullerian  duct  have  been  observed. 

In  Amphibia  (Salamandra)  the  permanent  opening  of  the  Mul- 
lerian duct  is  formed  independently,  some  way  behind  the  pronephros. 

In  Elasmobranchii  the  original  opening  of  the  segmental  duct 
forms  the  permanent  opening  of  the  Mullerian  duct,  and  no  true 
pronephros  appears  to  he  formed. 

In  Birds  the  anterior  of  the  three  openings  of  the  rudimentarj- 
pronephros  remains  as  the  permanent  opening  of  the  Miillcrian  duct. 
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These  three  mudes  uf  devt^lopment  very  probably  represeDt 
specialisations  of  the  primitive  state  along  tbree  different  linea.  In 
Amphibia  the  specialisation  of  the  opeaing  appears  to  Lave  goQO  ao 
far  that  it  uo  longer  has  any  relation  to  the  pronephros.  It  was  pro- 
bably originally  odb  of  the  posterior  openings  of  this  gland. 

In  Elasmobrauchii,  on  the  other  band,  the  functional  opening 
is  formed  at  a  period  when  we  should  expect  the  pronephros  to  de- 
velop. This  Slate  ia  very  possibly  the  result  of  a  differentiation  by 
which  the  pronephros  gradually  ceased  to  become  developed,  but 
one  of  its  peritoneal  openings  remained  as  the  abdominaJ  aperture  of 
the  Miillerian  duct.  Aves,  finaliy,  appear  to  have  become  differen- 
tiated along  a  third  line ;  since  in  their  ancestors  the  anterior  (?)  pore  of 
the  head-kiduey  appears  to  Lave  become  specialised  as  the  permanent 
opening  of  Uie  Milllerian  duct. 

The  MiiUerian  duct  is  usually  formed  in  a  more  or  less  complete 
manner  in  both  seses.  Id  Ganoids,  where  the  separation  between  it 
and  the  WolfGan  duct  is  not  completed  to  the  cloaca,  and  in  the  Dipnoi, 
it  probably  serves  to  cany  off  the  generative  products  of  both  sexes. 
In  other  cases  however  only  the  female  products  pass  out  by  it,  and 
the  partial  or  complete  formation  of  the  Mlilleriau  duct  in  the  male 
in  these  cases  needs  to  be  explained.  This  may  be  done  either  by 
supposing  the  Ganoid  arrangement  to  have  been  the  primitive  one 
in  the  ancestors  of  the  other  forms,  or,  by  supposing  characters 
acquired  primitively  by  the  female  to  have  become  inherited  by  both 
sexes. 

It  is  a  question  whether  the  nature  of  the  generative  ducts  of 
Teleostei  can  be  explained  by  comparison  with  those  of  Ganoids. 
The  fact  that  the  MuUerian  ducts  of  the  Teleostean  Ganoid  Lepi- 
dosteua  attach  themselves  to  the  generative  organs,  and  thus  acquire 
a  resemblance  to  the  generative  ducts  of  Teleostei,  affords  a  power- 
ful argument  in  favour  of  the  view  that  the  generative  ducts  of 
both  sexes  in  the  Teleostei  are  modified  MiiUerian  ducts.  Embry- 
ology can  however  alone  definitely  settle  this  question. 

In  the  Elasmobranchii,  Amphibia,  and  Amninta  the  male  pro- 
ducts are  carried  off  by  the  Wolffian  duct,  and  tliey  are  transported 
to  this  duct,  7tot  by  open  peritoneal  funnels  of  the  mesonephros,  bat 
by  a  network  of  ducts  which  sprout  either  from  a  certain  number  of 
the  Malpigbian  bodies  opposite  the  testis  {Amphibia,  Amniota),  or 
from  the  stalks  connecting  the  Malpigbian  bodies  with  the  open 
funnels  (Elasmobranchii).  After  traversing  this  network  the  semen 
passes  (except  in  certain  Anura)  through  a  variable  number  of  the 
segmental  tubes  directly  to  the  Wolffian  duct.  The  extent  of  the 
connection  of  the  testis  with  the  Wolffian  body  is  subject  to  great 
variations,  but  it  is  usually  more  or  less  in  the  anterior  region. 
Rudiments  of  the  testicular  network  have  in  many  cases  become 
inherited  by  the  female. 

The  origin  of  the  coiiiipotion  between  the  testis  and  Wolffian  body  ia  still 
very  obscure.    It  would  lie  easy  to  nnderstaiid  liow  the  te'ttiuular  products. 
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after  falling  into  the  body  cavity,  might  be  taken  np  by  the  open  extremi- 
ties of  some  of  the  peritoneal  funnels,  and  how  such  open  funnels  might 
hare  groove-like  prolongations  along  the  mesorchium,  which  mi^t  even- 
tually be  converted  into  ducts.  Ontogeny  does  not  however  altogether 
favour  this  view  of  the  origin  of  the  testicular  network.  It  sefun*  to  me 
nevertheless  the  most  probable  view  which  has  yet  been  put  forward. 

The  mode  of  trKosportation  of  l^e  semen  by  means  of  the  mesonephric 
tubules  is  so  peculiar  as  to  render  it  highly  improbable  that  it  whs  twice 
acquired,  it  becomes  therefore  oecessary  to  suppose  that  the  Amphibia  and 
Affluiota  inherited  this  n)ode  of  transportation  of  the  semen  from  the  same 
ancestors  na  the  Elasmobranchii,  It  is  remarkable  therefore  that  in  the 
Gannidei  and  Dipnoi  this  arrangenient  is  nut  found. 

Either  (1)  the  arrangement  (found  in  the  Ganoidei  and  Pipnoi)  of  the 
Mttllerian  duct  serving  fur  both  sexes  is  the  primitive  arrange m en  t,  and 
the  Elasmobranoh  is  secondary,  or  (2)  the  Ganoid  arrangement  is  a  secondary 
condition,  which  has  originated  at  a  stage  in  the  evolu^oa  of  the  Vertelirata 
when  some  of  the  segmental  tubes  had  begun  to  serve  as  the  efferent  ducta 
of  the  testis,  and  has  resulted  in  consequence  of  a  degeneration  of  the  latter 
structures.  Although  the  second  altomative  is  the  more  easy  to  reconcile 
with  the  affinities  of  the  Ganoid  and  £la8mobranch  types,  as  indicitted  by 
the  other  features  of  their  organimtioD,  I  am  still  inclined  to  accept  the 
former ;  and  consider  that  the  incomplete  bplitting  of  the  segment&I  ducc  in 
Gauoidei  is  a  strong  argument  in  favour  of  this  view. 

HetanephroB.  With  the  employment  of  the  Wolffian  duct  to 
transport  the  eeiuen  there  seems  to  be  correlate*]  (II  a  tendency  of 
the  posterior  segmental  tubes  to  have  a  duct  of  their  own,  in  which 
the  seminal  and  urinary  fluids  cannot  become  mixed,  and  (2)  a.  ten- 
dency on  the  part  of  the  anterior  segmental  tubes  to  lose  tlieir  excre- 
tory function.  The  posterior  segmental  tubes,  when  connected  in 
this  way  with  a  more  or  less  specialised  duct,  have  been  regarded  in 
the  preceding  pt^es  as  constituting  a  metanephroa. 

This  differentiation  is  hardly  marked  in  the  Anura,  but  is  well 
developed  in  the  Urodela  and  in  the  Elasmobranchii ;  and  in  the 
latter  group  has  become  inherited  by  both  sexes.  In  the  Amniuta  it 
culminates,  according  to  the  view  independently  arrived  at  by 
Semper  and  myself,  (I)  in  the  formation  of  a  completely  distinct 
metaoephros  in  both  sexes,  formed  however,  as  shewn  by  Sedgwick, 
from  the  same  blastema  aa  the  Wolffian  body,  and  (2)  in  the  atrophy 
in  the  adult  of  the  whole  Wolffian  body,  except  the  part  uniting  the 
testis  and  the  Wolffian  duct. 

The  homology  between  the  postorior  metanephridian  section  of  the 
Wolffian  body,  in  Elasmobranchii  and  Urodela,  and  the  kidney  of  the 
Amniota,  is  only  in  my  opinion  a  general  one,  i.e.  in  both  cases  a  common 
cause,  viz.  the  Wolffian  duct  acting  aa  vas  deferens,  has  resulted  in  a  more 
or  less  similar  differentiation  of  parts. 

Fflrbringer  has  urged  agsinst  Semper'a  and  my  view  that  no  satis- 
factory proof  of  it  bus  ytrt  been  offert^.  This  proof  has  however,  since 
Filrbringer  wroto  his  paper,  been  supplied  by  Sedgwick's  observatioiia 
The  development  of  the  kidney  in  the  Amniota  is  no  doubt  a  direct  as 
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opposed  to  a  phylogenefic  development;  and  the  substitution  of  a  direct 
for  a  phjlogenetic  development  has  moat  probably  been  rendered  posaible  by 
the  fact  that  the  anterior  part  of  the  mesonephros  continued  all  the  while 
to  be  unaffected  and  to  remain  as  the  main  excretory  organ  during  fcetal  ]ife. 
The  most  serious  difficulty  urged  by  Ffirbringer  against  the  homology 
is  the  fact  that  the  ureter  of  the  metauephros  develops  on  a  type  of  its 
own,  which  is  quite  distinct  from  the  mode  of  development  of  the  ureters 
of  the  metanephroe  of  the  Ichthyopeidan  forms.  It  is  however  quite  possi- 
ble, though  far  from  certain,  that  the  ureter  of  Amiiiota  may  be  a  special 
formation  confined  to  that  group,  and  this  fact  would  iu  no  wise  militate 
against  the  homology  Z  have  been  attempting  to  establish. 

Comparison  of  the  Excretory  organs  of  the  Chordata  and 
Invertebrata. 

The  etmoturaJ  characters  and  development  of  the  various  forms  of 
excretory  organs  described  in  the  preceding  pages  do  not  appear  to  me  to 
be  sufficiently  distinctive  to  render  it  possible  to  establish  homologies  be- 
tween these  organs  on  a  satisdictory  basis,  except  in  closely  related  groups. 

The  excretory  organs  of  the  Platyelminthes  are  in  many  respects  simi- 
lar to  the  provisional  excretory  organ  of  the  trochosphere  of  Polygordius 
and  the  Gephyrea  on  the  one  hand,  and  to  the  Vertebrate  pronephros 
on  the  other ;  and  the  Flatyelminth  excretory  organ  unth  an  anierior 
opening  might  be  regarded  as  having  given  origin  to  the  trochosphere 
organ,  while  that  vnth  a  potUrior  opening  may  have  done  so  for  the  Verte- 
brate pronephros'. 

Hatachek  has  compared  the  proviaioBal  trochosphere  excretory  organ 
of  Polygordius  to  the  Vertebrate  pronephros,  and  the  posterior  Chetopod 
segmental  tubes  to  the  mesonephric  tubes ;  the  latter  homology  having 
been  already  suggested  independently  by  botli  Semper  and  myself.  With 
reference  to  the  comparison  of  the  pronephros  with  the  provisional  excretory 
organ  of  Polygordius  there  are  two  serious  difficulties  : 

(1)  Tlie  pronephric  (segmental)  duct  opens  directly  into  the  cloaca, 
while  the  duct  of  the  provisional  trochosphere  excretory  organ  opens  an- 
teriorly, and  directly  to  the  exterior, 

(2)  The  pronephros  is  situated  wil/iin  the  s€^^ented  region  of  the 
trunk,  and  has  a  more  or  less  distinct  metameric  armngemeut  of  its  parts  ; 
while  the  provisional  trochosphere  organ  is  placed  inJrorU  of  the  segmented 
r^on  of  the  trunk,  and  is  in  no  way  segmented. 

The  comparison  of  the  mesonephric  tubules  with  the  segmental  excre- 
tory organs  of  the  Cbsetopoda,  though  not  impossible,  cannot  be  satisfac- 
tonly  admitted  till  some  light  has  been  thrown  upon  the  loss  of  the 
supposed  external  openings  of  the  tubes,  and  the  origin  of  their  secondary 
connection  with  the  segmental  duct 

Confining  our  attention  to  the  Inveitebrata  it  appears  to  me  fairly  dear 
thatHatschek  is  justified  in  holding  the  provisional  trochosphere  excretory 
organs  of  Polygordius,  Echiurus  and  the  Mollusca  to  be  homdogous.  The 
atrophy  of  all  these  larval  organs  may  perhaps  l>e  due  to  the  pi-esence  of  a 
well-developed  trunk  region  in  the  adult  (absent  in  the  larva),  in  which 
excretory  organs,  probably  serially  homologous  with  those  present  in  the 

*  This  anggcBtion  hiis  I  believe  been  made  by  Fiirbrinf^. 
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anterior  part  o(  the  larva,  became  developed.  The  excretoiy  oralis  in  tbp 
tnink  were  probably  more  onnveniently  aitii&ted  than  those  in  the  hewJ, 
and  the  atropliy  of  the  latter  in  tiie  adalt  state  was  thei-efore  brongbt 
Eibout,  while  the  trnnk  organs  became  anfficiently  enlarged  to  serve  an  the 
Bole  excretory  organs. 
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CHAPTER   XXIV. 
GENERATIVE  ORGANS  AND  GENITAL  DUCTS. 

Generative  urgans. 

The  structure  and  growth  of  the  ovum  ami  spermatozoon  weri' 
given  in  the  first  chapter  of  this  work,  but  their  derivation  from  viv 
germinal  layers  waa  not  touched  on,  ami  it  iii  this  subject  with  which 
we  are  here  concerned.  If  tliere  are  any  stnictiires  whose  identitj 
throughout  the  Metazoa  is  not  open  to  doubt  these  structures  are  the 
ovum  and  spermatozoon ;  and  the  constancy  of  their  relat."  to  tne 
germinal  layers  would  seem  to  be  a  cniciai  test  as  t-o  whether  tut- 
latter  have  the  morphological  importance  usually  attributed  to  theni- 

The  very  fragmentary  state  of  our  knowledge  of  the  origin  of  tlie 
generative  ceils  has  however  prevented  this  test  beings  so  far  verj- 
generally  applied. 

Forinra.  In  the  Porifera  the  researches  of  Schuize  have  dearly 
demonstrated  that  both  the  ova  and  the  spermatozoa  take  tbeir 
origin  from  indifferent  cells  of  the  general  parenchyma,  which  may 
be  called  mesohlastic.  The  primitive  germinal  cells  of  the  twu 
sexes  are  not  distinguishable;  but  a  germinal  cell  by  enlarging  ana 
becoming  spherical  gives  rise  to  an  ovum ;  and  by  subdivision  forms 
a  spenn-morula,  from  the  constituent  cells  of  which  the  spermatoffl« 
are  directly  developed. 

Cosleilterata.  The  greatest  confusion  prevails  as  to  the  germio* 
layer  from  which  the  male  and  female  products  are  derived  in  the 
Cctlenterata'. 

The  following  apparent  modes  of  origin  of  these  products  have 
been  obsened. 

(1)  The  generative  products  of  both  sexes  originate  in  the  ecto- 
derm (epiblast) :  Hydra,  Cordylophora,  Tubuiaria,  all  (?)  free  Goni»- 
phores  of  Hydromedusae,  the  Siphonophora,  and  probably  the  Cteo(^ 
phora. 

<  E.  van  BenedeD  (No.  J56)  was  the  firet  to  disoover  &  different  ori^n  for  tli« 
ReneiatiTe  products  of  the  two  aexfe  in  Hydractiniit.  sad  hi»  observations  have  1*^  to 
niunerons  aubsequent  researches  nn  the  subject.  For  a  sammary  of  the  observatioa' 
on  the  H;droids  ride  ^'eiemann  (No.  560). 
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(2)  Tlie  generative  products  of  both  fexes  originate  in  the  entu- 
<lerm  (hyp*)b!a8t):  Plumulariaand  Sertiilarelia.  amongst  theHydroida, 
and  the  whole  of  the  Acraspeda  and  Actiuozoa. 

(3)  The  ma?e  cells  are  formeil  in  the  ectodemi,  and  the  female 
in  the  entoderm :  Gonothyrs'a,  Campanutaria,  Hydi^actinia,  Clava, 

In  view  of  the  somewhat  surprising  results  to  which  the  re- 
searches on  the  origin  of  the  genital  prodncts  amongst  the  ('oelen- 
terata  have  led,  it  would  seem  to  be  necessary  either  to  hold  that 
there  is  no  definite  homology  between  the  germinal  layers  in  the 
(liiferent  forms  of  Coelenterata,  or  to  offer  some  satisfactory  explana- 
tion of  the  behaviour  of  the  genital  products,  which  would  oot 
involve  the  acceptance  of  the  first  alternative. 

Though  it  can  hardly  be  said  that  such  an  explanation  has  yet 
been  offeretl,  some  observations  of  Kleinenberg  (No.  557)  undoubt- 
edly point  to  such  an  explanation  being  possible. 

Kleinenberg  has  shewn  that  in  Eudendrium  the  ova  migrate  freely 
from  the  ectoderm  into  the  endoderm,  and  vice  versa;  but  he  has 
given  strong  grounds  for  thinking  that  iA«y  originate  in  the  ectoderm. 
He  has  further  shewn  that  the  migration  in  this  type  is  by  no  means 
an  isolated  phenomenon. 

Sinw  .it  is  usually  only  possible  to  recognise  generative  elements 
after  i..ey  have  advanced  considerably  in  development,  the  mere 
position  of  a  generative  cell,  when  first  observed,  can  afford,  after  what 
Kleinenberg  has  shewn,  no  absolute  proof  of  its  origin.  Thus  it  is 
quite  possible  that  there  is  really  only  one  type  of  origin  for  the 
generative  cells  in  the  Ccelenterata. 

Kleineuberg  has  given  reosona  for  thinking  that  the  tnigration  of  the 
ova  into  the  entoderm  may  have  a  nutritive  otiject.  If  this  be  so,  and  there 
are  numerous  facts  which  shew  that  the  position  of  generative  cells  ia  often 
largely  influenced  by  their  nutritive  requirementH,  it  seems  not  impuHsible 
that  the  endodermal  position  of  the  geuemtive  organs  in  the  Actinozoa 
and  aerwpedot«  Medusw  may  have  arisen  hy  a  continuously  earlier  migra- 
tion of  the  generative  celts  from  the  ectoderm  into  the  endoderm ;  and 
that  the  migration  may  now  take  place  at  SO  early  a  period  of  the  develop- 
ment, that  we  should  be  justified  in  formally  holding  the  genei-ative  pro- 
ducts to  be  endodermal  in  oiigin. 

We  might  perhxpH,  on  this  view,  formulate  the  origin  of  the  generative 
products  in  the  Coeleuterata  in  the  following  way  : — 

Both  ova  and  sperraatozoa  primitively  originated  in  the  ectoderm,  but 
in  order  to  secure  a  more  complete  nutrition  the  cells  wliich  give  rise  to 
them  exhibit  in  certain  groups  a  tendeuey  to  migrate  into  the  endoderm. 
This  migtatioD,  which  may  concern  the  generative  cells  of  one  or  of  both 
the  sexes,  takes  place  in  some  cases  after  the  generative  cells  have  be- 
come recognisable  as  such,  and  very  probably  in  other  cases  at  so  early  a 
period  that  it  is  impossible  to  distinguish  the  generative  cells  from  in- 
diffei-ent  embryonic  cells. 

Very  little  is  known  with  reference  to  the  origin  of  the  generative 
cells  in  the  triploblastJc  Invertebrata. 

:J0— 2 
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CHsBtopoda  and  Gnihyrea.  Iq  the  Ch^etopoda  and  Gepb^rea, 
the  germioal  celU  are  always  developed  in  the  adult  fioni  the  epithe- 
lial lining  of  the  body  cavity ;  8o  that  their  origin  from  the  mesoblast 
seema  fairly  established. 

If  we  are  justified  in  holding  the  body  cavity  of  these  forms  to  be 
a  derivative  of  the  primitive  archenteron  {vide  pp.  294  and  295)  the 
generative  cells  may  Eaiily  be  held  to  originate  from  a  layer  which 
corresponds  to  the  endoderm  of  the  Ccelenterata'. 

CHntoglutlia.  In  Sagitta  the  history  of  the  generative  cells, 
which  was  first  worked  out  by  Eowalevsky  and  Biitscbli,  has  been 
recently  treated  with  great  detail  by  O.  Hertwig*. 

The  generative  cells  appear  during  the  gastrula  stage,  as  two 
large  cells  with  conspicuous  nuclei,  which  are  placed  in  the  hypo- 
blast lining  the  archenteron,  at  tbe  pole  opposite  the  blastopore. 
These  cells  soon  divide,  and  at  the  same  time  pass  out  of  the  hypo- 
blast, and  enter  the  archenteric  cavity  (fig.  408  K,ge).     The  division 


Fid.  40e.    Trbrb  maw  in  ' 

Btttacbli,  KDd  B  after  Kowalevsk;.) 
Tbe  three  embryos  are  ropresented  in  the  same  posilioDK. 

A.  BepreBBDta  the  gastmla  stage. 

B.  B^neseuts  a  sncceeding  stage,   in  whioh  the  primitive  arehenteron  ia  con' 
mencing  to  be  divided  into  three. 

C.  Bepreseiiti  a  later  stage,  in  which  the  moath  involation  (m)  has  become  cod- 
tinaouB  with  tbe  alimeatar;  tract,  and  the  blastopore  is  closed. 

m.  month;    al.  alimentarj  canal;    ae.  srohenteron;    bt.p.  blsatopore;    ptt.  peri- 
viseeral  cavity ;    gp.  sphmohma  mesoblaet ;    lo.  eotnatie  mesoblast ;    ge.  geneistiFC 


into  four  cells,  which  is  not  satisfactorily  represented  in  my  diagram, 
takes  place  in  such  a  way  that  two  cells  are  placed  nearer  the 
median  line,  and  two  externally.  The  two  inner  celb  form  tbe 
eventual  testes,  and  the  outer  the  ovaries,  on«  half  of  each  primitive 
cell  ihuB  forming  an  ovary,  and  the  other  a  testis. 

■  The  Hertwiga  (No.  17 1)  state  that  in  their  opinion  the  generative  Mils  arise  ^m 
tbe  lining  ol  the  body  cavity  in  all  tbe  forms  nhose  body  cavity  is  a  prodnct  of  (lie 
arcbenteTon.  We  do  not  kaov  anything  of  the  embiyonic  developmeut  of  tbe  gene- 
rative organs  in  the  Eohinodermala,  but  the  adolt  position  of  (be  generative  organ* 
in  tbia  group  is  very  unfavourable  to  tbe  Hertvitcs'  view. 

*  O.  Hertwig,  Dxt  Ckatognathen.     Jena,  1880. 
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When  the  archenteric  cavity  is  divided  into  a  median  alimentary 
tract,  and  two  lateral  sections  forming  the  body  cavity,  the  generative 
organs  are  placed  ip  the  common  vestibule  into  whioh  both  the  body 
cavity  and  alimentary  cavity  at  first  open  (fig.  408). 

The  generative  oi^ns  long  retain  their  character  as  simple  cells. 
Eventually  (fig.  403J  the  two  ovaries  travel  forwards,  and  apply  them- 
selves to  the  body  walls, 
while  the  two  testes  also 
become  separated  by  a 
backward  prolongation  of 
the  median  alimentary 
tract 

On  the  formation  of 
the  transverse  septum  di- 
viding the  tail  from  the 
body,  the  ovarian  cells  lie 
immediately  in  front  of 
this  septum,  and  the  testi- 
cular cells  in  the  region 
behind  it. 

Poly«Oft.  In  Pedicel-  p„  ^  ^,„  „^^  ^,  ^  ^„  „„„„  „, 
Jina  amongst  the  ento-  SioiTTA,  A,  from  Uie  dorsal  Buifaoe.  B,  fromtha 
proctoUB  Poiy20a,Hatschek      side.    {After  Bfit»chli.) 

finds   that    the   generative  •»■  month;    al.  alimantarj  canal ;    v.g.  ventrkl 

orrans  orioin.itfi  frnm  »  Banglion  (thickening  o(  epiblart);  ep.  epiblast; 
organs  onginaie  irom  a  ^_^_  ceptmlio  section  of  body  cayitj;  .o-wmato- 
pair  of  specially  large  me-  plenre;  tp.  BpUnohnopleure ;  ge.  genaratiTe  organa. 
soblast  cells,  situated  in  the 

space  between  the  stomach  and  the  floor  of  the  vestibule.  The  two 
cells  undergo  changes,  which  have  an  obvious  resemblance  to  those 
of  the  generative  cells  of  the  Cheetognatha.  They  become  surrounded 
by  an  investment  of  mesoblast  celk,  and  divide  so  as  to  form  two 
masses.  Each  of  these  masses  at  a  later  period  separates  into  an 
anterior  and  a  posterior  part.  The  former  becomes  the  ovary,  the 
latter  the  testis. 

Kematoda.  In  the  Nematoda  the  generative  organs  are  derived 
from  the  division  of  a  single  cell  which  would  appear  to  be  meso- 
biastic '. 

Insecta.  The  generative  cella  have  been  observed  at  a  very 
early  embryonic  stage  in  sevemi  insect  forms  (Vol.  I.  p.  344<),  but  the 
observations  so  far  recorded  with  reference  to  them  do  not  enable  us 
to  determine  with  certainty  from  which  of  the  germinal  layers  tbey 
are  derived. 

GniBtacea.  In  Moina,  one  of  the  Cladocera,  Qrobben'  has  shewn 
that  the  generative  organs    are   derived  from  a  single  cell,  which 

>   Vide  Vol.  I.  p.  809;  also  Olitte,  Zool.  Amtigtr,  No.  8o,  p.  1B9. 
*  C.  Orobben.    "Die  Entwiek.  J.  HoJna  recliroEtrifl."     Arbeit,  a.  d.  zooL  Inttit. 
men.  Vol  II.    1379. 
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becDines  differentiated  during  the  segmentation.  This  ceU,  which  U 
in  close  contiguity  with  the  cells  from  which  both  the  mesoblast  Mid 
hypoblast  originate,  subsequently  diviJej;  but  at  the  gastrula  stage. 
and  alter  the  mesoblast  has  become  formed,  the  cells  it  gives  rise  tu 
are  eiwhsed  in  the  epiblant,  and  do  not  migrate  iawards  till  a  l&t«T 
stage.  The  products  of  the  divisioD  of  the  generative  cell  sub- 
sequently divide  into  two  masses.  It  is  not  possible  to  assign  the 
generative  cell  of  Moiua  to  a  definite  germinal  layer,  Grobben, 
however,  thinks  that  it  originates  Irom  the  division  of  a  cell,  the 
remainder  of  which  gives  rise  to  the  hypoblast. 

Cbordata.  lu  the  Vertebrata,  the  primitive  generative  cells 
(often  known  as  primitive  ova)  are  early  distinguishable,  being  im- 
bedded amongst  the  cells  of  two  linear 
streaks  of  peritnneal  epithelium,  placed 
oQ  the  dorsal  side  of  the  body  cavity, 
one  on  each  side  of  the  mesentery  (figs. 
405  C  and  110,  po).     They  appear  to  bu 

derived  from  the  epithelial  cells  amongst  "" 

which  they  lie;   and   are  characterized 
by  containing  a  large  granular  nucleus, 

surrounded  by  a  considerable  body  of  pro-  .„■ 

toptasm.     The  peritoneal  epithelium  in  j. 

which  they  are  placed  is  known  as  the 
germinal  epithelium. 

It  is  at  first  impossible  to  distinguish 
the  germinal  cells  which  will  become  ova 
fnmi  those  which  will  become  sperma- 
tozoa. 

The  former  however  remain  within 
the  peritoneal  epithelium  (fig.  411),  and 
)>ecome  converted  iuto  ova  in  a  manner 
more  particularly  described  in  Vol,  i.  pp. 
43—47. 

The  history  of  the  primitive  germinal 
cells  in  the  male  has  not  been  so  ade- 
quately worked  out  as  in  the  female. 

The  fullest  history  of  them  is  that 
given  by  Semjjer  (No.  559)  for  the 
Eiasmobranchii,  the  general  accuracy  of 
which  I  can  fully  support;  though  with 
reference  to  certain  st;iges  in  the  history 
further  researches  are  still  required'. 

In  Eiasmobranchii  tlie  male  germinal 
cells,  instead  of  remaining  in  the  germinal 
epithelium,  migrate  into  the, adjacent  stroma,  accompanied  I  believe 


Flo.  410.     Sectios  -msovan 
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by  Home  of  the  indifferent  epithelial  cells.  Here  they  increa,se  in 
□uml)er,  and  give  rise  to  masses  of  variable  form,  composed  partly 
of  true  germinal  cells,  and  partly  of  smaller  cells  with  deeply  Btainiog 
nuclei,  whieh  are,  I  believe,  derived  from  the  germiual  epithelium. 


FlO.  *11.  TbaNHVEBBK  BECTIOIt  THBODOB  THE  OVABY  OF  A  TODUO  IMBBTO  OP 
ScniUDM     IUHICUI.1,     TO     RHXW     THE     FBIHITITE     OBKMINAI.     CELLS     {po)     LIIMO     IH     THE 

These  masses  next  break  up  into  ampulW,  mainly  formed  of 
germinal  cells,  and  each  provided  with  a  central  lumen ;  and  these 
ampullae  attach  themselves  to  tubes  derived  from  the  smaller  cellK, 
which  are  in  their  turn  continuous  with  the  testicular  network.  The 
spermatozoa  are  developed  from  the  cells  forming  the  walls  of  the 
primitive  ampuHje;  but  the  process  of  their  formation  does  not  con- 
cern us  in  this  chapter. 

In  the  Reptilia  Braun  has  traced  the  pas-sage  of  the  primitive 
germinal  cells  into  the  testicular  tubes,  and  I  am  able  to  confirm  his 
observations  on  this  point;  he  has  not  however  traced  their  further 
history. 

In  Mammalia  the  evidence  of  the  origin  of  the  spermatospores 
from  the  germinal  epithelium  is  not  quite  complete,  but  there  can  be 
but  little  doubt. of  its  occurrence'. 

In  Amphioxiis  Langerhans  has  shewn  that  the  ova  and  sperma- 
tozoa are  derived  from  similar  germinal  cells,  which  may  be  com- 
pared to  the  germinal  epithelium  of  the  Vertebrata.  These  cells  are 
however  segmentally  arranged  as  separate  masses  {vide  Vol.  I. 
p.  43). 
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Genital  ducts. 

The  development  and  evolution  of  the  generative  ducts  is  as  yet 
very  incompletely  worked  out,  but  even  in  the  light  of  our  present 
knowledge  a  comparative  review  of  this  subject  brings  to  light  fea- 
tures of  considerable  interest,  and  displays  a  fruitful  Eeld  for  future 
research. 

In  the  C<f  lenterata  there  are  no  generative  ducts. 

In  the  HydrotnedusiB  and  Siphonophora  the  generative  products 
rated  by  I 


are  liberated  by  being  dehisced  directly  into  the  surrounding  me- 
dium; while  in  the  Acraspeda,  the  Actinozoa  and  the  Ctenophora, 
they  are  dehisced  into  parts  of  the  gastrovascular  system,  and 
carried  to  the  exterior  through  the  mouth. 

The  arraDgement  in  the  latter  forms  indicates  the  origin  of  the 
methods  of  transportation  of  the  genital  products  to  the  exterior  in 
mai^  of  the  higher  types. 

It  has  been  already  pointed  out  that  the  body  cavity  in  a  very 
lai^  number  of  forms  is  probably  derived  from  parts  of  a  gastro- 
vascular  system  like  that  of  the  Actinozoa. 

When  the  part  of  the  gastro vascular  system  into  which  the 
generative  protlucts  were  dehisced  became,  on  giving  rise  to  the  body 
cavity,  shut  off  from  the  exterior,  it  would  be  essential  that  some  mode 
of  transportation  outwards  of  the  generative  products  should  be  con- 
stituted. 

In  some  instances  simple  pores  (probably  already  existing  at  the 
time  of  the  establishment  of  a  closed  body  cavity)  become  the  gene- 
rative ducts.  Such  seems  probably  to  have  been  the  case  in  the 
Chietognatha  (Sagitta)  and  in  the  primitive  Chordata. 

In  the  latter  funn<i  the  generative  products  are  Bometinies  dehisced 
into  the  peritoneal  cuvity,  and  thence  transported  by  the  abdominal 
pores  to  the  exterior  (Cyclostomata  and  some  Teleoetei,  vide  p.  514).  In 
Amphioxns  they  pass  by  dehisoence  into  the  atrial  cavity,  and  thence 
through  the  gill  slits  and  by  the  mouth,  or  by  the  abdominal  pore  ())  to 
the  exterior.  The  anangeraent  in  Ampliioxua  and  the  Teteost«i  is  pro- 
bably secondary,  as  possibly  also  is  that  in  the  Cyvlostomata ;  so  that  the 
primitive  mode  of  exit  of  the  generative  products  in  the  Chordata  is  still 
uncertain.  It  is  highly  improbable  that  the  generative  ducts  uf  tbe  Ttinicata 
are  primitive  etructures. 
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A  better  established  and  more  frequent  mode  of  exit  of  the  gene- 
rative products  when  dehisced  into  the  body  cavity  is  by  means 
of  the  excretory  organs.  The  generative  products  pass  from  the  body 
cavity  into  the  open  peritoneal  funaeia  of  such  organs,  and  thence 
thntugh  their  ducts  to  the  exterior.  This  mode  of  exit  of  the  genera- 
tive products  is  characteristic  of  the  Chfetopoda,  the  Gephyrea,  the 
Brachiopoda  and  the  Vertebrata,  and  probably  also  of  the  Mul- 
lusca.  It  is  moreover  quite  possible  that  it  occurs  in  the  Polyzoa, 
some  of  the  Arthropoda,  the  Platyelnunthes  and  some  other  typea 

The  simple  segmental  excretory  organs  of  the  Poiycbaita,  the 
Gephyrea  and  the  Brachiopoda  serve  as  generative  canals,  and  in 
many  instances  they  exhibit  no  modification,  or  but  a  very  slight  one, 
in  connection  with  their  secondary  generative  function;  while  in  other 
instances,  e.g.  Bonellia,  such  modification  is  very  considerable. 

The  generative  ducta  of  the  OligochEeta  nre  probably  derived  from 
excretory  oif^ans.  In  the  Terricola  ordinary  excretory  oi'gana  are  present 
in  tlie  geuerative  BPgmentTt  in  odditiou  to  the  generative  ducts,  while  in  the 
Liroicola  generative  ducte  alone  arn  present  in  the  adult,  but  before  tbeir 
tlevelopment  exci'etory  organs  of  the  usual  type  are  found,  which  undergo 
atrophy  on  the  apjiearauce  of  thti  generative  ducts  (Vedjovskj). 

From  the  analogy  of  the  Rplitting  of  the  segmental  duct  of  the  Vertebrata 
into  the  Milllerian  and  Wolffian  ducts,  as  a  result  of  a  combined  geoerative 
and  excretory  function  [viiU  p.  600),  it  seems  probable  that  in  the  genera- 
tive aegmrnts  of  tlie  Oligocbieta  the  excretoiy  orgHiis  had  at  first  both  an 
excretory  and  a  generative  function,  and  that,  as  a  secondary  result  of 
this  double  function,  each  of  them  has  become  split  into  two  parts,  a 
generative  and  an  excrt-tory.  The  generative  part  faas  undergone  in  all 
forms  great  modifications.  The  excretory  parts  remain  unmodified  in  the 
Earthworm'*  (Tenicola),  but  completely  abort  on  the  development  of  the 
generative  ducts  in  the  Iiimioola.  An  explanation  may  probably  be  given 
of  the  peculiar  arrangements  of  the  genewtive  ducts  in  Saccocirrus  amongst 
the  Poiychfeta  {vide  Marion  and  Bobretiky),  analogous  to  that  just  offertrd 
for  the  Oiigocheeta 

The  very  interesting  modifications  produced  in  the  excretory 
organs  of  tbe  Vertebrata  by  their  serving  as  generative  ducte  were  fully 
described  in  the  last  chapter;  and  with  reference  to  this  part  of  our 
subject  it  is  only  necessary  to  call  attention  to  the  case  of  Lepidosteus 
and  the  Teleostei. 

In  Lepidosteus  the  Mullerian  duct  appears  to  have  become  at- 
tached to  the  generative  organs,  so  that  the  generative  products, 
instead  of  falling  directly  into  the  body  cavity  and  thence  entering 
the  open  end  of  a  peritoneal  funnel  of  the  excretory  organs,  pass 
direcUy  into  the  Miillerian  duct  without  entering  the  body  cavity.  In 
most  TeleoHtei  the  modification  is  more  complete,  in  that  the  generative 
ducts  in  the  adult  have  no  obvious  connection  with  the  excretory  organs. 

Tbe  transportation  of  the  male  products  to  tbe  exterior  in  all  the 
higher  Vertebrata,  without  passing  into  the  body  cavity,  is  in  principle 
similar  to  the  arrangement  in  Lepidosteus. 

The  above  instances  of  the  peritoneal   funnels  of  an   excretory 
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OFjrRD  t>ecoiQing  coDtmuous  with  the  geuerative  glaiids,  render  it 
highly  probable  that  there  may  be  similar  instances  amongst  the 
Iiiveitebrata. 

As  has  been  already  pointed  out  by  Gcgenbaur  there  are  many 
features  in  the  structure  of  the  genital  ducte  in  the  more  primitive 
Mollusca,  which  point  to  their  having  been  derived  from  the  excretory 
organs.  Id  several  Lam  el  11  branch  iata*  (Spondylus,  Lima,  Pecten)  the 
generative  ducts  open  into  the  excretory  organs  (organ  of  Eojanus), 
so  that  the  generative  products  have  to  pass  through  the  excretory 
oi^n  on  their  way  to  the  exterior.  In  other  Lamellibranchiata  the 
genital  and  excretory  organs  open  on  a  common  papilla,  and  in  the 
remaining  types  they  are  placed  close  together. 

lu  the  Cephalopoda  again  the  peculiar  relations  of  the  generative 
organs  to  their  ducta  point  to  the  latter  having  primitively  nad  a  dif- 
ferent, probably  an  excretory,  function.  The  glands  are  not  continuous 
with  the  ducts,  but  are  placed  in  special  capsules  from  which  the  ductx 
proceed.  The  genital  products  are  dehisced  into  these  capsules  and 
thence  pass  into  the  ducts. 

In  the  Gasteropoda  the  genital  gland  is  directly  continuous  with 
its  duct,  and  the  latter,  especially  in  the  Pulmonata  and  Opistho- 
branchiata,  assumes  such  a  complicated  form  that  its  origin  from  the 
excretory  organ  would  hardly  have  been  suspected. .  The  fact  how- 
ever that  its  opening  is  placed  near  that  of  the  excretory  organ  points 
to  its  being  homologous  with  the  generative  ducts  of  the  more 
primitive  types. 

In  the  Discophora,  where  the  genemtive  duct^  are  continuous  with 
the  glands,  the  structure  both  of  the  generative  glands  and  ducbs  points 
to  the  latter  having  originated  from  excretory  oigans. 

It  seems,  as  already  mentioned,  very  possible  that  there  are  other 
tyi>es  in  which  the  generative  ducts  are  derived  from  the  excretory 
organs.  In  the  Arthropoda  for  instance  the  generative  ducts,  where 
provided  with  anteriorly  placed  openings,  as  in  the  Crustacea,  Arach- 
nida  and  the  Chilognatlious  Myriapoda,  the  Pcecilopoda,  etc.,  may 
possibly  be  of  this  nature,  but  the  data  for  deciding  this  point  are 
so  scanty  that  it  is  not  at  present  possible  to  do  more  than  frame 
conjectures. 

The  ontf^ny  of  the  generative  ducts  of  the  Nematoda  and  the 
Insecta  appears  to  point  to  their  having  originated  independently  of 
the  excretory  organs. 

In  the  Nematoda  the  generative  organs  of  both  sexes  originate 
from  a  single  cell  (Schneider,  Vol.  i.  Ko.  390). 

This  cell  elongates  and  its  nuclei  multiply.  After  assuming  a 
somewhat  columnar  form,  it  divides  into  (1)  a  superficial  investing 
layer,  and  (2)  an  axial  portion. 

In  the  female  the  superficial  layer  is  only  developed  distinctly  in 

Q  tilia  Bubject  vide  BronL,  Slaatn  u.  Ordiumgta  d. 
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tlie  nteJian  part  of  the  column.  In  tlie  course  of  the  further 
development  the  two  ends  of  the  cohitnn  become  the  blind  ends  of 
the  ovary,  and  the  axial  tisf<ue  they  contain  forms  the  germinal  tissue 
of  nucleated  protoplasm  The  superticial  layer  gives  rise  to  the 
epithelium  of  tbe  uterus  and  oviduct.  The  germinal  tissue,  which  is 
Driginatty  continuous,  is  interrupted  in  the  middle  part  [where  the 
superficial  layer  gives  rise  to  the  uterus  and  oviduct),  and  is  confined 
to  the  two  blind  extremities  of  the  tube. 

In  the  male  the  superficial  layer,  which  gives  rise  to  the  epi- 
thelium of  the  vas  deferens,  is  only  formed  at  the  hinder  end  of  the 
original  column.  In  other  respects  the  development  takes  place  as 
in  the  female. 

In  the  lusecta  a^in  the  evidence,  though  somewhat  conflicting, 
indicates  that  the  generative  ducts  arise  very  much  as  in  Nematodes, 
from  the  same  piimitive  mass  as  the  generative  organs.  In  both  of 
these  types  it  would  seem  probable  that  the  generative  oi^ans  were 
primitively  placed  in  the  body  cavity,  aud  attached  to  the  epidermis, 
through  a  pore  in  which  their  products  passed  out;  and  that,  aoqui ring 
a  tubular  form,  the  peripheral  part  of  the  gland  gave  rise  to  a  duct,  the 
remainder  constituting  the  true  generative  gland.  It  is  quite  possible 
that  the  generative  ducts  of  such  forms  as  the  Platyelminthes  may 
have  had  a  sirailai'  origin  to  those  in  Insecta  aud  Nematoda,  but  from 
the  analogy  of  the  Mullusca  there  is  nearly  as  much  to  he  said  for 
regarding  them  as  modified  excretory  organs. 

In  the  Kchinodermata  nothing  is  unfortunately  known  as  to  the 
ontogeny  of  the  generative  organs  and  ducts.  The  structure  of  these 
organs  in  the  adult  would  however  seem  to  indicate  that  the  most  primi- 
tive type  of  echinoderm  generative  organ  consists  of  a  blind  sack, 
projecting  into  the  body  cavity,  and  opening  hy  a  pore  to  the  exterior. 
The  sack  is  lined  by  an  epithelium,  continuous  with  the  epidermis,  the 
cells  of  which  give  xit-e  to  the  ova  or  spermatozoa.  The  duct  of  these 
organs  is  obviously  hardly  differentiated  from  the  gland ;  and  the 
whole  structure  might  easily  be  derived  from  the  type  of  generative 
organ  characteristic  of  the  Hydromedusa;,  where  tbe  generative  cells 
are  developed  from  special  areas  of  tbe  ectoderm,  and,  when  ripe,  pass 
directly  into  the  surrounding  medium. 

If  this  su^estion  is  correct  we  may  suppose  that  the  j^nera- 
tive  ducts  of  the  Echinodermata  have  a  different  origin  to  those  of  the 
majority  of  the  remaining  tiiploblastica 

Their  ducts  have  been  evolved  in  forms  in  which  the  generative 
products  continued  to  be  liberated  directly  to  the  exterior,  as  in  the 
Hydromedusie;  while  those  of  other  types  have  been  evolved  in  forms 
in  which  the  generative  products  were  first  transported,  as  in  the 
ActiTiozoa,  inbj  the  gastrovascular  canals'. 

•  It  would  be  intete&ting  to  have  fnrtber  iatormntiou  about  BalanoKloasus. 

*  These  views  fit  in  ver;  well  with  those  alieoily  put  foiwani  in  Chapter  uii.  on 
the  afliiiitiea  of  the  EchiDodermstii. 
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THE  ALIMENTARY  CANAL  AND  ITS  APPENDAGES. 
IN  THE  CHORDATA. 


The  alimentary  canal  in  the  Chordata  is  always  formed  of  tbree 
sections,  analogous  to  those  so  universally  present  in  the  Inverte- 
brata.  These  sections  are  (1)  the  meaenieron  lined  by  hypoblast; 
(2)  the  stomodaum  or  mouth  lined  by  epiblast,  and  (3)  the  procto- 
dieum  or  anal  section  lined  like  the  atomodseuni  by  epiblast. 

Mesenteron. 

The  early  development  of  the  epithelial  wall  of  the  Tneseatemn 
has  already  been  described  (Chapter  xi.).  It  forms  at  first  a  simple 
hypoblastic  tube  extending  from  near  the  front  end  of  the  Gody, 
where  it  terminates  blindly,  to  the  hinder  extremity  where  it  is 
united  with  the  neural  tube  by  the  neurenteric  canal  (fig.  420,  tu). 
It  often  remains  for  a  long  time  widely  open  in  the  middle  towards 
the  yolk-sack. 

It  has  already  been  shewn  that  from  the  dorsal  wall  of  the 
mesenteron  the  notochord  is  separated  off  nearly  at  the  same  time 
as  the  lateral  plates  of  mesoblast  (pp.  243 — 249). 

The  Bnbnotochordal  rod.  At  a  period  slightly  subsequent  to  the 
formation  of  the  notochord,  and  before  any  important  differentiations 
in  the  mesenteron  have  become  apparent,  a  remarkable  rod-like 
body,  which  was  first  discovered  by  Ootte,  becomes  split  off  from  the 
dorsal  wall  of  the  alimentary  tract  in  all  the  Ichthyopsida.  'litis 
body,  which  has  a  purely  provisional  existence,  is  known  as  the  sub- 
no  tochordal  rod. 

It  develops  in  Eksmobranch  embryos  in  two  sectionFi,  one  edtnated  in 
the  head,  and  the  otfaer  in  the  trunk. 

The  section  in  the  trunk  is  the  first  to  appear.  The  wall  of  the 
alimentary  canal  becomes  thickened  along  the  median  doi'sal  line  (fig. 
il2,  x),  or  else  produced  into  a  ridge  into  which  there  penetrat«8  »  narrow 
prolongation  of  the  lumen  of  the  alimentary  canal.  In  either  case  the 
cells  at  the  extreme  summit  become  gradually  conetricU^  off  as  a  rod, 
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which  lies  immediately  doi-sal  to  the  alimentary  tract,  and  ventral  to  the 
notochord  (fig.  413,  x). 

In  tlie  hindermoet  part  of  the  body  ita  mode  of  fonnation  diffeni  some- 
what from  that  above  described.  In  this  part  the  alimentary  wall  vt  very 
thick,  and  undergoes  no  special  growth  prior  to  the  foimation  of  the  sub- 
iiotoc^ordal  rod ;  on  the  contrary,  a  small  linear  jwrtion  of  the  wall 
becomes  scooped  out  along  the  median  dorsal  line,  and  eventually  separates 
from  the  remainder  as  the  rod  in  question.  In  the  trunk  the  splitting  off 
of  the  rod  takes  ptaee  from  befor«  backwards,  so  that  the  anterior  part  of 
it  is  formed  before  the  jiosterior. 


FlO.     413.         THANSnCBHS      EBC- 


df.  dOTMl  Gd;  «p.e.  Bpinal  cord; 
pp.  body  cavit;;  tp.  uplanchnic  layer 
of  mesoblaat;  mo.  somatic  layer  ot 
mesobltuit ;  mp'.  portioo  of  splauchnic 
meBoblast  commencing  to  be  difFeren- 
tisted  into  muscleB;  rA.  notochordi  x. 
Bubnotocliordsl  rod  arising  as  an  ont- 
Flrowth  of  the  dorsal  wall  o(  the  ali- 
mentary tract;  al.  alimentary  tract. 


no.  38  B. 

nc.  Dearol  eantJ ;  pr.  posterior 
root  of  spinal  nerve;  x,  anbnato- 
choidal  rod;  oa.  aorta;  (c  somatic 
mesoblast;  tp.  splanchnic  meso' 
blast;  n^i.  muBcle-pUte;  ni>'.  por- 
tion of  muHCle-plate  converted 
into  muscle;  Vr.  portion  of  the 
vertebral  plate  wbicn  will  give  rise 
to  the  vertebral  bodies ;  al.  Ali- 
mentary tract. 

The  section  of  the  subnotochordal  rod  in  the  head  would  ap{>rar  to 
develop  in  the  same  way  as  that  in  the  trunk,  and  the  splitting  off  from 
the  tliroat  proceeds  from  before  backwards. 

On  the  formation  of  the  dorsal  aorta,  the  subnotochordal  rod  becomes 
aejiarated  from  the  wall  of  the  gnt  and  the  aorta  interposed  between  the 
two  (fig.  367,  x). 

When  the  subnotochordal  rod  attains  its  fullest  developnient  it  t«r- 
niinntes  anteriorly  some  way  in  front  of  the  auditory  vesicle,  though  a 
little  behind  the  end  of  the  notOchord  ;  jxisteriorly  it  extends  veiy  nearly 
to  the  extremity  of  the  tail  and  is  almost  co-exteitsioe  wil/i  tite  pualanal 
geclian  of  the  (dimeiitary  Irael,  thoagh  it  does  not  reach  quite  so  far  back  as 
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tlie  caudal  vesicle  (fig.  424,  hx).  Yt-ry  shortly  aflcr  it  hus  attaiike>l  its 
maximutii  size  it  liegitjN  to  atrophy  in  front.  We  may  therefore  conclude 
that  it«  atrophy,  like  its  development,  takes  place  from  before  backwards. 
During  the  latvr  embryonic  stages  not  a  trace  of  it  iti  to  be  seen.  It  baa 
also  been  met  with  in  Acipea^er,  Lepidosteus,  the  Teleostei,  FeCromyzon, 
and  the  Amphibia,  in  all  of  wljich  it  appears  to  develop  in  fiuida- 
meutally  the  same  way  aa  in  Elaemobraochii.  In  Acipenser  it  appears  to 
persist  in  the  adult  as  the  siibvertebral  ligament  (Bridge,  SaJensky).  It 
has  not  yet  been  found  in  a  fully  developed  form  in  any  amniotic  Verte- 
brate, though  a  thickening  of  the  hypoblast,  which  may  perhaps  be  a 
rudimi'nt  of  it,  has  been  found  bv  Marshall  and  myself  in  the  Chick 
(fig-  110,4 

Eiaig  has  instituted  an  interesting  comparison  between  it  and  an 
OT^n  which  he  has  found  in  a  family  of  Ohetopods,  the  Capitellidw.  In 
these  forma  there  is  a  tube  underlying  the  alimentary  tract  for  nearly  its 
whole  length,  and  opening  into  it  in  front,  and  probably  behind.  A  remnant 
of  Buch  a  tube  miubt  easily  form  a  rudiroent  like  the  subnotochordal 
rod  of  the  Ichthyo|>Hida,  and  an  Kisig  point:^  out  the  prolongation  into  the 
latter  during  its  formation  of  the  lumen  of  the  alimentary  tract  distinctly 
favours  such  a  view  of  its  origiiml  nature.  We  can  however  hardly  tiuppose 
that  there  is  anv  direct  genetic  connection  between  Eisig's  organ  in  the 
Capitellidfe  anil  the  subnotochordal  rod  of  the  C'hordata. 

Splanchnic  mesoblast  and  niesdnteiy.  The  niesenteroo  cooRista 
at  first  of  a  simple  hypoblastic  tube,  which  however  becomes  enve- 
loped by  a  layer  of  splanchnic  meaobiast  This  layer,  which  ia  not 
at  first  continued  over  the  dorsal  side  of  the  mesenteron,  gradually 
grows  in,  and  interposes  itself  between  the  hypoblast  of  the  mesen- 
teron, and  the  oi^ans  above.  At  the  same  time  it  becomes  dif- 
ferentiated into  two  layers,  viz,  an  outer  epithelioid  layer  "^ich 
gives  rise  to  part  of  the  peritoneal  epithelium,  and  an  inner  layer 
of  undifft-rentiated  cella  which  in  time  becomes  converted  into  the 
connective  tissue  and  muscular  walls  of  the  mesenteron.  The  cod- 
nective  tissue  layers  become  first  formed,  while  of  the  muscular  layers 
the  circular  is  the  first  to  make  its  appearance. 

Coincidently  with  their  differentiatiDii  the  connective  tissue 
stratum  of  the  peritoneum  becomes  established. 

The  Mesentery.  Prior  to  the  splanchnic  mesoblast  growing  round 
the  alimentary  tube  above,  the  attachment  of  the  latter  structure  to 
the  dorsal  wall  of  the  body  is  very  wide.  On  the  completion  of  this 
investment  the  layer  of  mesoblast  suspending  the  alimentary  tract 
becomes  thinner,  and  at  the  same  time  the  alimentary  canal  appears 
to  be  drawn  downwards  and  away  from  the  vertebral  column. 

In  what  may  be  regarded  as  the  thoracic  division  of  the  general 
pleuroperitoneal  space,  along  that  part  of  the  aJimentary  canal  which 
will  form  the  cesophagus,  this  witiidrawal  is  very  slight,  but  it  is 
very  marked  in  the  abdominal  region.  In  the  latter  the  at  first 
straight  digestive  canal  comes  to  be  suspended  from  the  body  above 
by  a  narrow  flattened  band  of  mesoblastic  tissue.  This  flattened 
band   as  the  mesenterij,  shewn  commencing  in  iig,  117,  and  much 
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inure  advauced  in  fig.  119,  M.  It  is  covered  on  either  side  Iiy  a  layer 
uf  flat  cells,  which  form  part  of  tlie  general  peritoneal  epithelioid 
lining,  while  its  interior  is  composed  of  indifferent  tissue. 

The  primitive  simplicity  in  the  arrangement  of  the  mesentery  is 
usually  afterwards  replaced  by  a  more  complicated  disposition,  owing 
to  the  subsequent  elongation  and  consequent  convolution  of  the 
intestine  and  stomach. 

The  layer  of  peritoneal  epithelium  on  the  ventral  side  of  the 
stomach  is  continued  over  the  liver,  and  after  embracing  the  liver, 
becomes  attached  to  the  ventral  abdominal  wall  (fig.  380).  Thus  in 
the  region  of  the  liver  the  body  cavity  is  divided  into  two  halves  by 
a  membrane,  the  two  sides  of  which  are  covered  by  the  peritoneal 
epithelium,  and  which  encloses  the  stomach  dorsally  and  the  liver 
ventrally.  The  part  of  the  membrane  between  the  stomach  and 
liver  is  narrow,  and  constitutes  a  kind  of  mesentery  suspending  the 
liver  from  the  stomach :  it  is  known  to  human  anatomists  as  the 
lesser  omentum. 

The  part  of  the  membi'ane  connecting  the  liver  with  the  anterior 
abdominal  wall  constitutes  the  falciform  or  suspensory  liga- 
ment of  the  liver.  It  arises  by  a  secondary  fusion,  and  is  not  a 
remnant  of  a  primitive  ventral  mesentery  (vide  pp.  513  and  514). 

The  mesentery  of  the  stomach,  or  mcsogastrium,  enlarges  in  Mam- 
malia to  form  a  peculiar  sack  known  as  the  greater  omentum. 

The  mescnteron  exhibits  very  early  a  trifold  division.  An 
anterior  portion,  extending  as  far  as  the  stomach,  becomes  separated 
off  as  the  respiratory  division.  On  the  formation  of  the  anal 
invagination  the  portion  of  the  mesenteron  behind  the  anus  becomes 
marked  off  as  the  postanal  division,  and  between  the  postanal 
section  and  the  respiratory  division  is  a  middle  portion  forming  an 
intestinal  and  cloacal  division. 

The  respiratory  divtsioii  of  the  mesenierotu 
This  section  of  the  alimentary  canal  is  distinguished  by  the  fact 
that  its  walls  send  out  a  series  of  paired  diverticula,  which  meet 
the  skin,  and  after  a  perforation  has  been  effected  at  the  regions  of 
contact,  form  the  branchial  or  visceral  clefts. 

In  Amphioxus  the  respiratory  region  extends  close  op  to  the 
opening  of  the  hepatic  diverticulum,  and  therefore  to  a  position 
corresponding  with  the  commencement  of  the  intestine  in  higher 
types.  In  the  craniate  Vertebrata  the  number  of  visceral  cleft? 
has  become  reduced,  but  from  the  extension  of  the  visceral  clefts  in 
Amphioxua,  combined  with  the  fact  that  in  the  higher  Vertebrata  the 
vagus  nerve,  which  is  essentially  the  nerve  of  the  branchial  pouches, 
supplies  in  addition  the  walls  of  the  cesophagus  and  stomach,  it  may 
reasonably  be  concluded,  as  has  been  pointed  out  by  Oegenbaur,  that 
the  true  respiratory  region  primitively  included  the  region  which  in 
the  higher  types  forms  the  ossophagus  and  stomach. 
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In  Aacidians  the  respiratory  sack  is  homol<^aus  with  the  respira- 
tory tract  of  Anip)iio>[us. 

The  details  ut'  the  development  of  the  branchial  clefts  in  the  diETer- 
ent  groups  of  Vertebrata  have  already  been  described  in  the  systematic 
part  of  this  work. 

In  all  the  Ichthyopsida  the  walls  of  a  certain  number  of  clefts  be- 
come folded  \  and  in  the  mesoblast  within  these  folds  a  rich  capillary 
network,  receiving  its  blood  from  the  branchial  arteries,  becomes 
established.     These  folds  constitute  the  true  internal  gills. 

In  addition  to  internal  gills  external  branchial  processes  covered 
by  epiblast  are  placed  on  certain  of  the  visceral  arches  in  the  larva  of 
Polypterus,  Protopterus  and  many  Amphibia.  The  external  gills 
have  probably  no  genetic  connection  with  the  internal  gills. 

The  so-called  external  gills  of  the  embryos  of  Elasmobranchii  are 
merely  internal  gills  prolonged  outwards  through  the  gill  clefts. 

The  posterior  part  of  the  primitive  respiratory  division  of  the 
mesenteroD  becomes,  in  all  the  iiigher  Yeitebrata,  the  cesophagus  and 
stomach.  With  reference  to  the  development  of  these  parts  the  only 
point  worth  especially  noting  is  the  fact  that  in  Elasmobranchii  and 
Teleostei  their  lumen,  though  present  in  very  young  embryoB, 
becomes  at  a  later  stage  completely  filled  up,  and  thus  the  alimen- 
tary tract  in  the  regions  of  the  oesophagus  and  stomach  becomes  a 
solid  cord  of  cells  (fig,  23  A,  oes):  as  already  suggested  (p.  50)  it  seems 
not  impossible  that  this  feature  may  be  connected  with  the  fact  that 
the  CDSophageal  region  of  the  throat  was  at  one  time  perforated  by 
gill  clefts. 

In  addition  to  the  gills  two  important  organs,  viz.  the  thyroid 
body  and  the  lungs,  take  their  origin  from  the  respiratory  region  of 
the  alimentary  tract. 

Thyroid  body.  In  the  Ascidians  the  origin  of  a  groove-like 
diverticulum  of  the  ventral  wall  of  the  branchial  sack,  bounded  by  two 
lateral  folds,  and  known  as  the  endostyle  or  hypopharyngeiU  groove, 
has  already  been  described  (p.  15).  This  groove  remains  permanently 
open  to  the  pharyngeal  sack,  and  would  seem  to  serve  as  a  glandular 


FlU.  111.       DiAOBAUUATIC    VEbTlCAb    SECTION    OF   A   JL'BT-DATCBUl    LAUTA   OF 

pEinoMYKuK.     (From  Gegenbaur;  after  Calborla.) 
u.  moatli ;    o'.  olfocloiy  pit ;    r.  septum   between  stomod«nffl  uid   tneteoteron ; 
[.  thyroid  iuvolatiou ;  n.  bpinal  cord;   ch.  notocbord:  c.  heart;  a.  auditor;  veaide. 
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0[^;an  secreting  mucus,  Aa  was  first  pointed  out  by  W.  Muller  there 
is  present  ia  Amphioxus  a  very  similar  and  probably  homologous 
organ,  known  as  the  hypopharyngeai  groove. 

In  the  higher  Vertebrata  this  organ  never  retains  its  primitive 
coadition  in  the  Eidult  state.  In  the  larva  of  Fetromyzon  there  is, 
however,  present  a  ventral  groove-like  diverticulum  of  the  throat, 
extending  from  about  the  second  to  the  fourth  visceral  cleft.  This 
organ  is  shewn  in  longitudinal  section  in  fig,  414,  h,  and  in  transverse 
section  in  fig,  415,  and  has  been  identified  by  W.  MUUer  (Nos.  565 
and  566)  with  the  hypopharyngeai 

groove  ofAmphtoxus  and  Aacidians.  s  c 

'It  does  not,  however,  long  retain  its 
primitive  condition,  but  its  open- 
ing becomes  gradually  reduced  to  a 
pore,  placed  between  the  third  and 
fourth  of  the  permanent  clefts  (fig. 
416,  fA).     This  opening  is  retained 
throughout  the  Ammocojte   condi- 
tion, but  the  organ  becomes  highly         Fw-  *13-      DiAOBisiiiiTic   tsans- 
compUcated,   with   paired  , anterior    ^Z-^^l^ZllT^^^orT^^^- 
and  posterior  horns  and  a  median     ioh.  (FromOegenbaariafterCaJberla.) 
spiral  portion.     In   the   adult   the  d.  bronghul  n^ou  of  throat, 

connection  with  the  pharynx  is  ob- 
literated, and  the  organ  is  partly  absorbed  and  partly  divided  up  into 
a  series  of  glandular  follicles,  and  eventually  forms  me  ikyroid  hodi/. 

From  the  oongideratlon  of  the  above  facts  W.  Mulier  was  led  to 
the  conclusion  that  the  tityroid  body  oftke  Oraniata  was  derived  from 
the  eadoAyU  or  hj/popkaryuffeal  groove.     In  all  the  higher  Vertebrata 


fia.  41s.    duobahmatic  vshtical  bictioh  tbbotlah  ibb  head  of  \  ubva  of 
Pktbowtzoh, 

The  laiTs  h«d  bees  katched  three  da^B.  and  vaa  1-8  mm.  id  leofjth.  The  optic  nnd 
anditoi^  vesielaa  are  aappoeed  to  be  aeen  throigh  the  tissues.  The  letter  tr  pointinK 
to  the  base  of  the  velum  ia  where  Scott  believes  the  hjomandibnlar  cleft  to  be  aitiiated. 

e.h.  cerebial  hemisphere;  Ik.  oplic  thaluam;  in.  inf uudibnlum ;  pn.  pineal  glaod; 
mfi.  raid-brain;  cb.  cerebellum;  md.  medulla  oblougatai  iiu.v.  auditory  veaicle;  op. 
optio  veeiole;  ol.  olfactory  pit;  m.  moatb;  br.c  branchial  pouches;  t/t.  tliyroidim-o- 
latioa:  v.mo.  ventral  aorta ;  ht.  ventriele  of  heart;  eft,  notochord. 

RE.   U.  +" 
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the  thyroid  body  arises  as  a  diverticulum  of  the  ventral  wall  of  the 
throat  m  the  region  either  of  the  mandibular  or  hyoid  arches  (fig. 
417,  Th),  which  after  being  segmented  off  becomes  divided  up  into 
follicles. 

In  EUsmobranch  embryos  it  appeals  fairly  early  its  a  diverticulum 
from  the  ventral  surface  of  the  throat  in  the  regioik  of  the  TuaTidib-ular  arch, 
extending  from  the  border  of  the  mouth  to  the  point  where  the  ventral  aorta 
divider  into  the  two  aortic  hraiicheB  of  the  mandibular  arch  (fig.  417,  Th). 
Sotnewliat  later  it  becomes  in  Scyllium  and  Torpedo  solid,  though  atill 
retaining  its  attachment  to  the  wall  of  the  iBUiphagus.  It  continups  to 
grow  in  length,  and  becomes  dividtsd  up  into  a  number  of  solid  branched 
lobules  sepurated  by  connective  tixsue  Bepta.  £ventnally  its  connection 
Vfitb  the  throat  becomes  loat,  and  the  lobujes  develop  a  lumen.  In  Acan- 
thias  the  lumen  of  the  gland  is  retuined  (W.  Milller)  till  after  its  detach- 
ment from  the  thi^at.  It  preserves  its  embiyonic  position  through  Ufe, 
In  Ani]ihibia  it  originates,  as  in  EUHsmobranchii,  from  the  region  <^  the 
mandibular  arch  ;  but  when  first  visible  it  forms  a  double  epithelial  wall 
Goaneating  the  throat  with  the  nervous  layer  of  the  epidermis.  It  sub- 
sequently becomes  detached  from  the  epidermis,  and  then  has  the  Unual 
form  of  a  diverticulum  from  the  throat.  In  moat  Amphibianx  it  becomes 
divided  into  two  lobes,  and  so  forma  a  [laired  body.  The  |)eculiar  connec- 
tion between  the  thyroid  diverticulum  and  the  epidermis  in  Amphibia 
has  been  noted  bj  Giitte  in  Bombinator,  and  by  Soott  and  Osborn  in 
Triton.     It  is  not  very  ea^y  to  see  what  meaning  thia  connection  can  have. 

In  the  Fowl  (W.  MUller)  the  thyroid  body  arises  at  the  end  of  the  second 
or  be^nning  of  the  third  day  as  an  otitgrowth  from  the  hypoblast  of  the 
throat,  opposite  the  point  of  origin  of  the  anterior  arterial  arch.  This 
outgrowth  becomes  by  the  fourth  day  a  solid  mass  of  cells,  and  by  the 
fifth  ceases  to  be  connected  with  the  epithelium  of  the  throat,  beooming  at 
the  same  time  bilobed.  By  the  seventh  day  it  has  travelled  somewhat 
backwards,  and  the  two  lobes  have  completely  separated  from  each  other. 
By  the  ninth  day  the  whole  is  invested  by  a  capsule  of  connective  tiwue, 
which  sends  in  septa  dividing  it  into  a  number  of  lobes  or  solid  maases  of 
cells,  and  by  the  sixteenth  day  it  is  a  paired  body  composed  of  a  number 
of  hollow  blanched  follicles,  each  with  a  *  membrana  propria,'  and  sepa- 
rated from  each  other  by  septa  of  connective  tissue.  It  finally  travels  back 
to  the  point  of  origin  of  the  carotids. 

Amongst  Mammalia  the  thyroid  arises  in  the  Babbit  (Kijlliker)  and 
Man  (His)  as  a  hollow  diverticulum  of  the  throat  at  the  bifurcation  of  the 
foremost  pair  of  aortic  arches.  It  soon  however  becomes  solid,  and  is 
eventually  detached  from  the  throat  and  comes  to  lie  on  the  ventral  side 
of  the  larynx  or  windpipe.  The  changes  it  undergoes  are  in  the  main 
similar  to  those  in  the  lower  Vertebrata.  It  becomes  [tartially  constricted 
into  two  lobes,  which  remain  however  united  by  an  isthmus'.     The  fact 

■  Wfilfler  (No.  £171)  etatea  that  in  the  Pig  and  Calf  the  thyroid  bod;  ie  formed  as 
a  pail  of  epithplial  Tesicles,  which  are  developed  as  ouCgrowUis  of  the  valU  of  ti:« 
first  pair  of  visi^ial  clefts.  He  attempts  to  eipUin  the  aontradictoTj  observatiooB  of 
other  emhrjologiBta  by  suppotini;  that  the;  have  mistaken  the  Teatia]  aads  of  Tiscerat 
poudies  for  an  unpaired  outgrowth  of  the  throat.  Stieda  (ilo.  569)  b1)>o  Btatei  that 
in  the  Pig  and  Sheep  the  thjroid  arieea  as  a  paired  bod;  from  the  epithetinm  of  a  pair 
of  visoeral  clefts,  at  a  maob  lat«r  period  than  n'ould  appear  from  the  observations  of 
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that  the  thyroid  sometimes  ariaea  in  the  region  of  .the  first  and  sometimes 
in  that  of  the  second  cleft  is  probably  to  be  explained  by  its  rudimentary 
character. 

The  ThymOB  gland.  The  thymus  gland  may  conveniently  be  dealt 
with  here,  afthouj;;h  its  origin  is  nearly  a«  obscure  as  it«  functioiL  It  has 
ii-ually  been  held  to  be  connected  with  the  lymphatic  syatem.  Kalliker 
was  the  first  to  shew  that  this  view  was  probably  erroneous,  and  he 
attempted  to  prove  that  it  was  derived  in  the  Rabbit  from  the  walla  of 
one  of  the  visceral  clefts,  mainly  on  the 
ground  of  its  presenting  in  the  embryo  an 
epithelial  character.  ^-^^ 

Stieda  {No.  569)  has  recently  verified 
Kolliker's  xtatemente.  He  finds  that  in  the 
Pig  and  the  Sheep  the  thymus  arises  aa  a 
paired  outgrowth  from  the  epithelial  rem- 
nants of  a  pair  of  visceral  clefts.  Its  two 
lobes  may  at  first  be  either  hollow  (Sheep) 
or  solid  (Pig),  but  eventually  become  solid, 
and  unite  in  the  median  line.  Stieda  and 
Hia  hold  tjiat  in  the  adult  gland,  the  so- 
called  corpuBclea  of  Ka-«all  are  the  I'emnanta 
of  the  embryonic  epithelial  part  of  the  gland, 
and  that  the  lymphatic  part  of  it  is  of 
ineaublaatio  origin;  but  Kolliker  believes 
the   lymphatic  cells  to  be  direct  products  ^* 

of  the  embryonic  epithelial  cells.  Fic.  JlT.     Section  TKROtroR 

The  posterior  visceral  clefts  ill  the  course     th"  hkad  of  am   Elabmobkanch 
of  their  ati'ophv  give  rise  to  vurious  more     """"'"i  *'  ihe  letkt.  of   thr 
or    1<«.  ooMpUaoii.    bodie.   ot    a    p,eud»     '"""""  'l"--"™"; 
gl.ad„Ur  „«„.,  which  l».e  L«„  chirf,     ../ ii"K' ST^S; 
studied  by  Kemiik'.  of  anditor;  iierre;   iv.v.  roof  of 

„..,,,,  ,    ,  .       fourth  ventriole;  ax.v.  anterior 

Swmimmg-  bladder  and  Ini^B.  A  cardinal  vein;  aa.  aorta;  Im.u 
swimming  bladder  is  present  in  all  Ga-  aortic  trunk  of  mandibular  arch; 
noid.  .„d  in  the  vast  majority  of  Tele-  J'^fSf  .SS^p^SfS 
ostei.  Its  development  however  is  only  wiUfona  the  first  vjBceral  olaft 
imperfectly  known. 

In  the  Salmon  and  Carp  it  arises,  aa  was  first  shewn  by  Von  Baer, 
OS  an  outgrowth  of  the  alimentary  tract,  shortly  in  front  of  the  liver. 
In  these  forms  it  is  at  first  placed  on  the  doi'sal  side  and  slightly  to 
the  right,  and  grows  backwards  on  the  dorsal  side  of  the  gut,  between 
the  two  folds  of  the  mesentery. 

The  absence  of  a  pneumatic  duct  in  the  Physoclisti  would  appear 
to  be  due  to  a  post- larval  atrophy. 

His  and  KOlUker,  In  view  of  tlie  comparative  developmeat'of  Ihie  organ  il  is  difficult 
to  accept  either  W&lQer's  or  Sdeda'e  account.  WOlfier'a  attempt  to  eipliiiil  the  rap- 
posed  errora  of  his  predeceaaora  ia  certainly  not  capable  of  being  applied  in  the  case  of 
Elaamobranch  Fishes,  or  of  Fetronijzon  ;  and  I  am  inclined  to  think  that  the  method 
of  invealigation  by  tranaverae  sections,  which  has  been  usually  employed,  ia  leaa  liable 
to  error  than  that  by  longitudinal  aectinns  which  be  has  adopted. 

I  For  details  on  these  organs  vide  Kfllliker,  EjilicicHniiil'iir'fhirMf,  p.  881. 
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Id  LepidosteuB  the  air-bladder  appears  to  arise,  as  in  the  Teteostei, 
as  an  invagination  of  the  dorsal  wall  of  the  oesophagus. 

In  advanced  embryos  of  Oaleus,  Mustelus  and  Acanthias,  Miklncho- 
Macl&y  detected  a  amall  diverticulum  opening  on  the  dorsal  side  of  the 
ceeopha^s,  which  be  I'egards  as  a  rudiment  of  a  swimming  bladder.  This 
interpretation  must  however  be  regarded  as  somewhat  donbtful. 

The  lungs.  The  lungs  originate  in  a  nearly  identical  way  in  all 
the  Vertebrate  forms  in  which  their  development  has  been  observed. 
They  are  essentially  buds  or  processes  of  the  ventral  wall  of  the 
primitive  oesophagus. 

At  a  point  immediately  behind  the  region  of  the  visceral  clefts 
the  cavity  of  the  alimentary  canal  becomes  compressed  laterally,  and 
at  the  same  time  constricted  in  the  middle,  so  that  its  transverse 
section  (fig.  418  i)  is  somewhat  hourglass-shaped,  and  shews  an  upper 
or  dorsal  chamber  ij,  joining  on  to  a  lower  or  ventral  chamber  I  by  a 
short  narrow  neck. 

The   hinder  end  of  the  lower  i  t 

tube  enlarges  (fig,  418  a),  and  then 
becomes  partially  divided  into  two 
lobes  (fig.  418  s).  All  these  parte 
at  first  freely  communicate,  but 
the  two  lobes,  partly  by  their 
own  growth,  and  partly  by  a  pro- 
cess of  constriction,  soon  become 
isolated  posteriorly ;  while  in  front 
they  open  into  the  lower  chamber 
of  the  oesophagus  (fig.  422). 

By  a  continuation  forwards  of 
the  process  of  constriction  the  lower 
chamber  of  the  oesophagus,  carry- 
ing with  it  the  two  lobes  above     

mentioned,  becomes  gradually  trans-     (After  oatte.) 

formed  into  an  independent  tube, 

opening  in  front  by  a  narrow  slit- 

lilte  aperture  into  the  oesophagus. 

The  single   tube   in   front  is  the 

rudiment  of  the  trachea  and  larynx, 

while  the  two  diverticula  behind     ^^_    ^^^.  ^^^  ^^^  ^^^^^  ^ 

become  (fig.  419,  Iff)  the  bronchial      with  ewh  other  in  the  oeDtre. 

tubes  and  luii<!^  I"  (2)  the  lower  (pnlmonary)  tabe  hoB 

While  the"  above  oha-geB  .re  'T'sTC'Sp^a.l  !»«i..  of  ih. 
taking  place  in  the  hypoblastic  tabe  has  beoome  constriated  into  two 
walls  of  the  alimentary  tract,  the  tubes,  still  commnnioating  with  aofb 
,pU»ch„ic  mesobl.,1  .u„o„„di.g  °''S,'S?S2:'SXTi~..d 
these  structures  becomes  very  much  from  euh  other  and  from  the  digestive 
thickened  ;  but  otherwise  bears  no  «™»1.  "^  the  meBoblsat  has  aleo  bc^on 
mark,  of  the  mt,™.l  ohange,  ^J^S?',',  S.1:|S.,°SS.  S 
which  are  gomg  on,  so   that  the     have  been  gDjn^  on. 


monarj  divertionlnm. 

In  (t)  the  difteative  canal  has  com- 
menced to  be  conaliicted  into  an  upper 
and  lower  caDal;  the  former  the  trae 
alimentary  canal,  the  latter  the  pnlmo- 
nai7  tabe;  the  two  tubes  o 
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above  formation  of  the  lungs  and  trachea  cannot  be  seen  from  the 
surface.  As  the  paired  diverticula  of  the  luugs  grow  backwards,  the 
mesoblaat  around  them  takes  however  the  form  of  two  lobes,  into 
which  they  gradually  bore  their  way. 

There  do  not  seem  to  be  any  easentinl  diifereaces  in  the  mode  ot 
formation  of  the  Hbove  structures  iti  the 
types  BO  far  observed,  vii.  Amphibia, 
Aves  and  Mammalia.  Wi-iters  differ  aa 
to  whether  the  lungs  firet  arise  as  paired 
diverticula,  or  aa  &  single  diverticulum  ; 
and  aa  to  whether  the  rudiments  of  the 
lungs  are  established  liefora  those  of  the 
trachea.  It  the  above  aocouui  is  correct 
it  would  appear  that  any  of  these  posi- 
tions might  be  maintained.  Phylogene- 
tically  interpreted  the  ontogeny  of  the 
lungs  appears  however  to  imply  that  this 
organ  was  first  an  unpaired  structure  and 
has  become  secondarUy  paired,  and  that 
the  trachea  was  relatively  late  in  ap- 
pearing. 

The  further  development  of  the 
lungs  IB  at  first,  in  the  higher  types 
at  any  rate,  essentially  similar  to  that 
of  a  racemose  gland.  From  each 
primitive  diverticulum  numerous  lI^ti  MfiuIib" 
branches  are  given  off.  In  Aves  and 
Uammalia  (fig.  355)  they  are  mainly 
confined  to  the  dorsal  and  lateral 
parts.  These  branches  penetrate  into 
the  surrounding  mesoblaat  and  con- 
tinue to  give  rise  to  secondary  and  ^_^ 
tertiary  branches.  In  the  mesoblast  oord. 
around  thera  numerous  capillaries 
make  their  appearance,  and  the  further  growth  of  the  bronchial 
tubes  is  supposed  by  Boll  to  be  due  to  the  mutual  interaction  of  the 
hitherto  passive  mesoblast  and  of  the  hypoblast. 

The  further  changes  in  the  lungs  vary  somewhat  in  the  different  forms. 

The  air  sacks  are  the  most  characteristic  structures  of  the  avian  lung. 
They  are  essentially  the  dilated  ends  of  the  primitive  diverticula  or  of  their 
main  branches. 

In  Mammalia  (KbIIiker,  No.  298)  the  ends  of  the  bronchial  tubes 
become  dilated  into  vesicles,  which  may  be  called  the  primary  air-colts. 
At  first,  owing  to  their  development  at  the  ends  of  the  bi-onchial  branches, 
the»e  are  confined  to  the  surface  of  the  lungs.  At  a  later  period  the 
primary  air-cetls  divide  each  into  two  or  three  parts,  and  give  lise  to 
secondary  air  cells,  while  at  the  same  time  the  smallctit  lironchial  tubea, 
which  continue  all  the  while  to  divide,  give  rise  at  all  points  to  fresh  air- 
cells.     Finally  the  bronchial  tubes  cease  to  becume  more  branched,  and  the 


Pio.  419.     BicnoN 


ht.  heart ;  pc.  pericardial  cavitj  ; 
al,  alimeDtuy  tract;  ig.  Inngi  I. 
liver;  pp.  bod;  cavity;  lud.  open 
end  ot  Hatlerian  duct ;  ud.  Wolffian 
duct;  re.  todb  cava  inferior;  ao. 
eh,  Botoobord ;  me.  mediillkry 
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ftir-celln  belonging  to  each  miuute  lobe  come  in  tLeir  further  growth  to 
open  into  a  common  chamber.  Before  the  lungs  assume  their  functiou 
the  embtyonic  air-cells  undergo  a  considerable  dilatation. 

The  trachea  and  lari/rLc.  The  development  of  the  trachea  and 
larynx,  does  not  require  any  detniled  description.  The  larynx  is  formed  as 
a  simple  dilatation  of  the  trachea.  The  cartilaginous  structures  of  the 
larynx  are  of  the  Banie  nature  as  thoae  of  the  trachea. 

It  follows  from  tho  above  account  that  the  whole  pulmonary 
Btructure  is  the  result  of  the  growth  by  budding  of  &  system  of 
branched  hypoblastic  tubes  in  the  midst  of  a  mass  of  mesoblastic 
tissue,  the  hypoblastic  elements  giving  rise  to  the  epithelium  of  the 
tubes,  and  the  mesoblast  providing  the  elastic,  muscular,  cartila- 
ginous, vascular,  and  other  connective  tissues  of  the  tracheal  and 
bronchial  walls. 

There  can  be  no  doubt  that  the  lungs  and  air-bladder  are  homo- 
logous stiTictures,  and  the  very  interesting  memoir  of  Eisig  on  the 
air-bladder  of  the  Chtetopoda'  shews  it  to  be  highly  probable  that 
they  are  the  divergent  modifications  of  a  primitive  organ,  which 
served  as  a  reservoir  for  gas  secreted  in  the  alimentary  tract,  the  gas 
in  question  being  probably  employed  for  respiration  when,  for  any 
reason,  ordinary  respiration  by  the  gills  was  insufficient. 

Such  an  organ  might  easily  become  either  purely  respiratory, 
receiving  its  air  from  the  exterior,  and  so  form  a  true  lung ;  or  mainly 
hydrostatic,  forming  an  air-bladder,  as  in  Ganoidei  and  Teleostei. 

It  in  |»^bable  that  in  the  Elaamobranchii  the  air-bladder  has 
become  aborted,  and  the  organ  discovered  by  Uicklucho-Uaclay  may 
perhaps  be  a  last  remnant  of  it. 

The  middle  divisioii  of  the  mesenteron.  The  middle  division  of 
tbe  mesenteron,  forming  the  intestinal  and  cloacal  region,  is  primitively 
a  straight  tube,  the  intestinal  region  of  which  in  most  Vertebrate 
embryos  is  open  below  to  the  yolk-sack. 

Cloaca,  in  the  Elasmobranchii,  the  embryos  of  which  probably 
retain  a  very  primitive  condition  of  tbe  mesenteron,  this  region  is  not 
at  first  sharply  separated  from  the  postanal  section  behind.  Opposite 
the  point  where  tbe  anus  will  eventually  appear  a  dilatation  of  the 
mesenteron  arises,  which  comes  in  contact  with  the  external  skin 
(fig.  28  E,  an).  This  dilatation  becomes  the  hypoblastic  section  of 
the  cloaca.  It  communicates  behind  with  tbe  postanal  gut  (fig.  424  D), 
and  in  front  with  the  intestine';  and  nmy  be  defined  as  the  dUaied 
portion  of  the  alimentary  tract  which  receives  the  genital  and  urinary 
ducts  and  opens  externally  by  the  proctodeum. 

In  Acipenser  and  Amphibia  tbe  cloacal  region  is  indicated  na  a 
ventral  diveiticulum  of  the  mesenteron  even  before  the  closure  of 
tbe  blastopore.  It  is  shewn  in  tbe  Amphibia  at  an  early  stage  in 
fig.  73,  and  at  a  later  period,  when  in  contact  with  the  skin  at  the 
point  where  the  anal  invagination  is  about  to  appear,  in  fig.  420. 
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In  the  Suuropsida  and  Mammalia  the  oloaca  appears  as  a  dila- 
tation of  the  mesen- 
teroD,  which  receives 
the  opening  of  the 
allantois  almost  as 
soon  as  the  posterior 
part  of  the  inesente- 
ron  is  established. 

The  eventual 
changes  which  it  un- 
dei^oes  have  been 
already  dealt  with  in 
connection    with    the 

f  **.__,.  °     ™,;  PlU.  120.        LOHUITUDlllU.   HtCTlOH  THBODHH   AN    ilD- 

intestme.  Ine      vimced  bmmto  o»  BonBiNiTOB.    (After  GOtte.J 

region  m  front  of  the  m.  month;    on.  wiim;    I.  liw;    w.  noureoterie 

cloaca   forms    the   in-      ouiali  me.  medollai;  canal;  eh.  notochord;  pn.  pin«kl 
testine.      In    certain     «'*"''• 
Vertebrata   it   nearly 

retains  its  primitive  character  as  a  straight  tube  ;  and  in  these  types 
its  anterior  part  is  characterised  by  the  presence  of  a  peculiar  fold, 
which  in  a  highly  specialised  condition  is  known  as  the  spiral  valve. 
This  structure  appears  in  its  simplest  form  in  Ammocnetes.  It  there 
consists  of  a  fold  in  the  wall  of  the  intestine,  giving  to  the  lumen 
of  this  canal  a  semilunar  form  in  section,  and  taking  a  half 
spiral. 

In  Elasmobranchii  a  similar  fold  to  that  in  Animoccetes  fii-st 
makes  its  appearance  in  the  embryo.  This  fold  is  from  the  first 
not  quite  straight,  but  winds  in  a  long  spiral  round  the  intestine. 
In  the  course  of  development  it  becomes  converted  into  a  strong 
ridge  projecting  iato  the  lumen  of  the  intestine  (fig.  388,  I).  The 
spiral  it  makes  becomes  much  closer,  and  it  thus  acquires  the  form 
of  the  adult  spiral  valve.  A  spiral  valve  is  also  found  in  Chimera  and 
Ganoids.  No  rudiment  of  such  an  organ  is  found  in  the  Teleostei, 
the  Amphibia,  or  the  higher  Vertebrata. 

The  presence  of  this  peculiar  organ  appears  to  be  a  very  primitive 
Vertebrate  character.  The  intestine  of  .Vscidians  exhibits  exactly  the 
same  peculiarity  as  that  of  Ammocoetes,  and  we  may  probably  con- 
clude from  embryology  that  the  ancestral  Chordata  were  provided 
with  a  straight  iotestiue  having  a  fold  projecting  into  its  lumen,  to 
increase  the  area  of  the  intestinal  epithelium. 

In  all  forms  in  which  there  is  not  a  spiral  valve,  with  the  excep- 
tion of  a  few  Teleostei,  the  intestine  becomes  considerably  longer 
than  the  cavity  which  contains  it,  and  therefore  necessarily  more  or 
less  convoluted. 

The  posterior  part  usually  becomes  considerably  enlarged  to  form 
the  rectum  or  in  Mammalia  the  lai^e  intestine. 

In  Elasmobranchii  there  is  a  peculiar  gland  opening  into  the 
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dorsal  side  of  the  rectum,  aod  in  many  other  forms  there  i 
at  the  commencemeot  of  the  rectum  or  of  the  targe  intestiae. 

In  Ttileostei,  the  Sturgeon  and  Lepidosteus  there  opens  into  the 
front  end  of  the  intestine  a  number  of  cu-'cal  pouches  known  as 
the  pancreatic  cieca.  In  the  adult  Sturgeon  these  pouches  unite  to 
form  a  compact  gland,  hut  in  the  embryo  they  arise  as  a  series  of 
isolated  outgrowths  of  the  duodenum. 

Connected  with  the  anterior  portion  of  the  middle  region  of  the 

aiimeutary  canal,  which   may  he  called  the  duodenum,  are  two  very 

important  and  constant  glandular  organa,  the  liver  and  the  pancreas. 

The  liver.    The  liver  is  the  earliest  formed  and  largest  glandular 

organ  in  the  embryo. 

It  appears  in  its  simplest  form  in  Amphioxus  ae  a  sitigle  un- 
branched  diverticulum  of  the  aJimentary  tract,  immediately  behind 
the  respiratory  region,  which  is  directed  forwards  and  placed  on  the 
left  side  of  the  body. 

In  all  true  Vertebrata  the  gland  has  a  much  more  comfdicated 

structure.     It  arises  as  a  ventral  outgrowth  of  the  duodenum  (fig. 

420,  0-     This  outgrowth  may  be  at  first  single,  and  then  grow  out 

into  two  lobes,  as  in  Etasmobranchil  ;fig.421)  and  Amphibia,  or  bave 

from  the  first  the  form  of  two  somewliat  unequal  diverticula,  as  in 

Birds  (fig.  422),  or  again  as  in  the  Babbit  (Kolliker)  one  diverticulum 

may  be  first  formed,  and  a  second  one  appear  somewhat  later.     The 

hepatic  diverticuln,  whatever  may  be 

their   primitive   form,   grow   into  a 

special  thickening  of  the  splanchnic 

mesoblast. 

From  the  primitive  diverticula 
there  are  soon  given  off  a  number  of 
hollow  buds  (fig.  421)  which  rapidly 
increase  in  length  and  number,  and 
form  the  so-called  hepatic  cyliiidera. 
They  soon  anastomose  and  unite 
together,  and  so  constitute  an  ir- 
regular network.  Coincidently  with 
the  formation  of  the  hepatic  network 
the  united  vitelline  and  viscei-al  vein 
or  veins  (w.v),  in  their  passage  through 
jjjjj  the  liver,  give  off  numerous  bran- 
,r  A  ches,  and  gradually  break  up  into  a 
™k  plexus  of  channels  which  form  a 
secondary  network  amongst  the  he- 
patic cylinders.  In  Amphibia  these 
channels  are  stated  by  Gotte  to  be 
lacunar,  but  in  Elasmobranchii,  and 
probably  Vertebrata  generally,  they 
are  from  the  first  provided  with  dis- 
tinct though  delicate  walls. 


Fia.  421.     Section 


6.  pectoral  fin;  oo.  dorsal  aorta; 
cav,  cardinal  vein ;  ua.  vitetline  ar- 
tery; KB.  vitelline  vein  united  with 
snhinteatinal  vein  ;  al.  duodenum  ; 
(.  liver;  *d.  opening  of  Begmental 
duct  into  the  boiy-cavit.v ;  mp.  mua- 
cle-platc;  tim.  umbilical  canal. 
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It  is  Btill  doubtful  whether  the  hepatic  cylinders  are  as  a  rule 
hollow  ur  solid.  In  EUamobranchii  they  are  at  fret  provided  with  a 
lai^e  lumen,  which  though  it  becoitieg  gniduallj  einalLer  never  entii'ely 
viuiishes.  The  same  sei-ms  to  hold  good  for  Amphibia  and  some  Maui- 
roalia.  In  Aves  the  Inmeti  of  the  cjlindurit  is  even  fiom  the  tirst 
much  more  difficult  to  see,  and  the  cylinders  are  stuted  by  Kemuk  to  be 
solid,  and  he  has  been  followed  in  this  matter  by  Kolliker,  In  the  Rabbit 
alao  Kiilliker  finds  the  cylinders  to  be  solid. 

The  embryonic  hepatic  network  gives  rise  to  the  parenchyma  of  the 
adult  liver,  with  which  in  ita  general 
arrangement  it  closfrly  threes.  The 
blood -channels  are  at  first  very  large, 
and  have  a  very  irregwlar  arrange- 
ment; and  it  is  nut  till  compara- 
tively late  that  the  hepatic  lobules 
with  their  characteristic  vascular 
Btiiictures  become  established. 

The  biliary  ducts  are  formed 
either  from  some  of  the  primitive 
hepatic  cylinders,  or,  as  would  seem 
to  be  the  case  in  Elasmobranchii 
and  Birds  (tig.  422),  from  the  lai^er 
diverticula  of  the  two  primitive  out- 
growths. ^"'-  *3a-    1>:aobiii  of  tie  kiois- 

Tu         II  1  I    jj       ■  i      1        "'■  TB*CT    OF    1    Chick    opon    thk 

ihegall-bladderisso inconstant,     poitbth  dm.    (AfterG&tte) 
and  the  arrangement  of  the  ducts         The  blacli  iine  indicaten  the  hypo. 
opening  into  the  intestine  so  varia-     blast.    The  ehtided  part  u-ound  it  is 
ble.  that  no  general  statemenU  can     "■«  "P'^a^huic  mesoblast. 
be  made  about  them.     In  Elasino-     ,  i>J°"«'  ""  """*"''■  ^-  P^""*": 
branchii  the  primitive  median  di- 
verticulum  (fig.  42  ])  gives  rise   to   the  ductus  cboledochua      Its 
anterior  end  dilates  to  form  a  gall-bladder. 

In  the  Rabbit  a  ductus  chuledochus  is  formed  by  a  diverticulum 
from  the  intestine  at  the  point  of  insertion  of  the  two  primitive 
lobes.  The  gall-bladder  arises  as  a  diverticulum  of  the  right  primitive 
lobe. 

The  liver  is  relatively  very  large  during  embryonic  life  and  has. 
no  doubt,  important  fuuctions  in  connection  with  tbe  circulation. 

The  panCTdES.  So  far  as  is  known  the  development  of  the  pan- 
creas takes  place  on  a  very  cijnstant  type  throughout  tbe  series  of 
craniate  Vertebrata,  though  absent  in  some  of  the  Teleosteau  fishes 
and  Cyclostomata,  and  very  much  reduced  in  mo^t  Teleostei  and  in 
Petromyzon, 

It  arisaa  nearly  at  the  same  time  as  the  liver  in  the  form  of  a 
hollow  outgrowth  from  tbe  dorsal  side  of  the  intestine  nearly  oppo- 
site  but  slightly  behind  the  hepatic  outgrowth  (fig.  422,  p).  It  soon 
assumes,  in  Elasmobranchii  and  Mammalia,  somewhat  the  form  of 
an  iuvortcd  funnel,  and  from  thu  oxpaiided  dorsal  part  of  this  funnel 
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tliere  grow  out  numorous  liolluw  diverticula  into  the  passive  splanrh- 
nic  nie  sob  last. 

As  the  ductules  grow  longer  and  become  braoched,  vascular  pro- 
cesses grow  ia  between  them,  and  the  whole  forms  a  compact  glan- 
dular body  in  the  mesentery'  on  the  dorsal  side  of  the  xdimentair 
tract.  The  fiinnel-shaped  receptacle  loses  its  original  form,  and  elon- 
gating, assumes  the  character  of  a  duct. 

From  the  above  mode  of  development  it  is  clear  that  the  glan- 
dular cells  of  the  pancreas  are  derived  from  the  hypoblast. 

Into  the  origin  of  the  varying  arrangements  of  the  pancreatic 
ducts  it  is  not  possible  to  enter  in  detail.  In  some  cases,  e.g.  the 
Babbit  (Kolliker),  the  two  lobes  and  ducts  arise  from  a  divisioa  of 
the  primitive  gland  and  duct.  In  other  cases,  e.g.  the  Bird,  a 
second  diverticulum  springs  from  the  alimentary  tract.  In  a  large 
number  of  instances  the  primitive  condition  with  a  single  duct  is 
retained. 

Postanal  section  of  the  mesenteron.  In  the  embryos  of  rU  the 
Chordata  there  is  a  section  of  the  mesenteron  placed  behind  llie 
anus.  This  section  invariably  atrophies  at  a  comparatively  early 
period  of  embryonic  life;  but  it  is  much  better  developed  in  the 
lower  forms  than  in  the  higher.  At  its  posterior  extremity  it  is  pri- 
mitively continuous  with  the  neural  tube  (fig.  420),  as  was  first  shewn 
by  Kowaievsky, 

The  canal  connecting  the  neural  and  alimentary  canaJs  has 
already  been  described  as  the  neurenteric  canal,  and  represents  the 
remains  of  the  blastopore. 

In  the  Timicata  the  section  of  the  mespnteron,  which  in  hU  probMbilitv 

corresponds   to   the   postanal    gnt  of  the 

^f*  Yert«bFata,  b  that  immediately  following 

the  dilated  portion  which  gives  rise  to  the 

branchial  cavity  and  permanent  intestine. 

vie  It  Las  already  been  shewn  that  fi-ooi  the 

doraal  and  lateral  portions  of  this  section 

of  the  primitive  alimentary  tract  the  noto- 

cbord  and  muscles  of  the  Aacidian  tadpole 

tiF  are  derived.     The   remaiuing  part  of  iu 

Fio.  423.    TKiSBTEBBE  OPTICAL     w»"8  fomiB  ft  soljd  corJ  of  cells  (fig.  423, 

MtcTcoii  or  THE  TAIL  OF  AH  EH-     ol'),  whlch  either  atro|ihie8,  or,  according 

BBTo   or   Phallusta   HAHHiLLATt.      to  Kowaluvskj,  gives  rise  to  blood -vessels. 

(Ahar  Kowalevaky.)  j^  Amphios-.s  the  iwstanal  gut,  though 

of  the  Mme  ""e  li  fl"  8"„^^''°      dintinctly  developed,  is  not  very  long,  and 

**  ^fi'Tt^orX    ^' nl'n^^TKl     *troi.hies  St  a  comparatively  «irlyi«nocL 

ciin>I;   tn,.  m«BobIsi(;  aV.  hypo-  I"   Elasmol. ranch n  thu  section  of  tlie 

blMt  of  tail.  alimentai7  tract  is  very  well   developed, 

and  persists  for   a  considerable  period  of 

embryonic  life.    The  following  ia  a  history  of  ita  development  in  the  genu 

Scyllium. 

Shortly  after  the  stage  when  the  anus  has  become  marked  oat  by  the 
alimentary  tract  sending  down  a  papilliform  prtoess  biwarda  the  skin,  the 
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postanal  gut  begioB  to  develop  a  terminal  dilat«tion  or  vesicle,  connected 
with  the  ivmaiDder  of  the  caiial  by  a  oarrower  stalk. 

The  walla  both  of  the  v^icle  and  stalk  ai'e  formed  of  a  fairly  columnar 
epithelium.  The  vesicle  communicates  in  front  by  a  narrow  passage  with 
the  neural  canal,  and  beliind  is  continued  into  two  horns  corresponding 
with  the  two  caudal  sweljinga  previously  spoken  of  (p.  45).  Where  tho 
canal  is  continued  into  these  two  horns,  itji  wall*)  lose  their  distinctness 
of  outline,  and  become  continuous  with  the  adjacent  meeoblast. 

Id  the  succeeding  stages,  as  the  tail  grows  longer  and  longer,  the  post- 
anal section  of  the  aUmeutary  tract  grows  with  it,  without  however  under- 
going alteration  in  any  of  its  essential  characters.  At  the  period  of  the 
maximum  development,  it  has  a  length  of  about  \  of  that  of  the  whole 
atimeDtary  tract. 

Ita  features  at  a  stage  shortly  before  the  external  gills  have  become 
prominent  are  illustrated  by  a  series  of  transverse  sections  through  the 
tail  (6g.  424).     The  four  sec- 
tions have  been  selected  for  . 

illustration  out  of  a  fairly-  r-  ^ 

complete  series  of  about  one 
hundred  and  twenty. 

Posteriorly  (A)  there  is 
present  a  terminal  vesicle 
(a/v)  '25  mm.  in  diameter, 
which  communicates  dorsally 
by  a  narrow  opening  witii 
the  neural  canal  {nr) ;  to 
this  is  attached  a  stalk  in 
the  form  of  a  tube,  also  lined 
by  columnar  epithelium,  and 
extending  through  about 
thirty  sections  (B  at).  Its 
average  diameter  is  about 
-064  mm.,  and  its  walls  are 
very  thick.  Overlying  its 
front  end  is  the  subnoto- 
chordal  rod  (x),  but  this  does 
not  extend  as  far  back  as  the 
terminal  vesicle. 

The  thiok-walled  stalk  of 
the  vesicle  is  connected  with 
the  cloacal  section  of  the  ali- 
(ntary  tract  by  a  very  n 


Flo.  424.    FouB  SBcnoHs 


A  is  the  poBterior  aeetion. 
..™l=.  ,  t,Miu  vy  a.  vci  V  luxi-  '■■  """■'l  c»n»l;  "'■  post-anal  gut;  alf.  csuilal 

ow  th-n-wailed  tube  (Col).     ^  awle- plate ;    ch.   noloohord;  d.  ai.   eloaoa;   ao. 
Ibis  for  the  moRt  part  has  a     aorta ;  v.  ciu.  caudal  vein, 
fairly  iinifoim  calibre,  and  a 

diameter  of  not  more  than  -035  mm.  Its  walla  are  formed  of  flattened 
epithelial  cells.  At  a_  point  not  far  from  the  cloaca  it  becomes  fmaller, 
and  its  diameter  falls  to  03  mm.  In  front  of  this  point  it  rapidly  dilates 
again,  and,  after  becoming  fairly  wide,  opens  on  the  dorsal  side  of  the 
cloacal  section  of  the  alimentary  canal  just  behind  the  anus  (D  al). 

Very  shortly  after  the  stage  to  which  the  above  figures  belong,  at  ft 
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point  B  little  bebmd  th«  anus,  where  the  postanal  section  of  the  canal 


Flo.    426.       DlAOBAUIUTIC    L 

or  IN   BUBRIO  BlBO   Lt   IBB   TIME  Ot  TBB  FORMATION   OF  TBB   ALUHTOIB. 

ep.  epiblsBt;  Sp.c.  spmal  canal;  eh.  notochord;  ii.f.  Denrenteric  canal ;  ky.  hypo- 
blast; p.a.g.  postanal  gut;  pr.  remains  of  primitive  streak  folded  in  on  the  veatnl 
side;  al.  all&ntoia;  vie.  splaachnic  cieBablaBt;  an.  point  where  anna  will  be  formed; 
pj:.  perivisceral  cavit;;  ant.  amnion;  to.  somatopleure;  tp.  splsnchnoplenre. 

was  thinnest  in  the  pcevioua  stage,  it  become*  solid,  anil  a  rupture  here 
ocuure  in  it  at  a  slightly  later  [>eriod. 

The  atrophy  uf  tbis  {>art  of  the  alimentary  tract  having  once  commenced 
proceeds  rapidly.  The  posterior  part  first  becomes  reduced  to  a  small 
rudiment  near  tbe  end  of  the  tail.  Tliere  is  no  longer  a  t«rmitial  vesicle, 
nor  a  neureiiteric  canal.  The  portion  of  the  postanal  section  of  the 
alimentary  tract,  just  behind  the  cloaca,  is  for  a  short  time  represented 
by  a  small  rudiment  of  the  dilated  part  which  at  an  earlier  period  opened 
into  the  cloaca. 

In  Tcleostei  the  vesicle  at  the  end  of  the  tail,  discovei-ed  by  Kupffcr, 
(fig.  34,  hyv)  is  probably  the  equivalent  of  the  vesicle  at  the  end  of  the 
postanal  gut  in  Elasmobranchii. 

In  Petromyzon  and  in  Amphiliia  there  is  a  well -developed  }K>stanat 
gut  connected  with  a  iieurenteric  canal  which  gradually  atrophies.  It  is 
bhewn  in  the  embryo  of  Bombinator  in  fig.  420. 

Amongst  the  amniotic  Vertebmta  the  postanal  gut  is  less  developed 
than  in  the  IchtliyopBida.  A  neurenteric  canal  is  present  for  a  short 
j)eri(>d  in  various  Jlirds  (Ganser,  etc)  und  in  the  Lizard,  but  disappears 
very  early.  There  is  however,  as  has  l>een  point«d  out  by  Kiilliker,  a  well 
marked  postanal  gut  continued  as  a  narrow  tube  from  behind  the  cloaca 
into  the  tail  both  in  the  Bird  (fig.  425,  p.ct-g-)  and  Mammals  {the  Rabbit), 
but  especially  in  the  latler.     It  atrophies  early  iia  in  lower  forms. 

The  morphological  significance  <if  the  postanal  gut  and  of  the  neuren- 
teric  canal  lias  already  been  spoken  of  in  Chapter  xii.,  p.  267. 

The  Stomodwum. 
The  anterior  section  of  the  permanent  alimentary  tract  is  formed 
by  an  invagination  of  epiblast,  c.matituting  a  more  or  less  consider- 
able  pit,   with   its   inner  wall   in   contact  with  tlie  blind   anterior 
extremity  of  the  alimentary  tract. 
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Id  Ascidians  this  pit  is  placed  on  the  dorsal  surface  (fifir.  g,  d),  and 
becomes  tbe  permanent  oral  cavity  of  these  forms.  In  the  larva  of 
Amphioxus  it  is  stated  to  be  formed  un symmetrically  {vide  p.  5),  but 
further  observatioas  on  its  development  are  required. 

In  the  true  Vertebrata  it  is  always  formed  on  the  ventral  surface 
of  tbe  head,  immediately  behind  the  level  of  the  fore-brain  (fig.  426), 
and  is  deeper  in  Petromyzon  (fig,  410,  m)  than  in  any  other  known 
form. 

From  the  primary  buccal  cavity  or  stomodseum  there  grows  out 
the  pituitary  pit  (fig.  42(5,  pt),  the  de- 
velopment  of  which   has  already  been 
described  (p.  358;. 

The  wall  separating  the  stomodsaum 
from  the  mesenteron  always  becomes 
perforated,  usually  at  an  early  stage  of 
development,  and  though  in  Petromyzon 
the  boundary  between  the  two  cavities 
remains  indicated  by  the  velum,  yet  in 
the  higher  Vertebrata  all  trace  of  this 
boundary  is  lost,  and  the  original  limits 
of  the  primitive  buccal  cavity  become 
obliterated ;    while   a  secondary  buccal 

cavity,  partly  lined   by   hypoblast  and         Fio.*28.  LoHoiTtrDiN*L  mc- 
partly  by  epiblast,  becomes  established.       iion  tbboooh  tub  BBiis  or  a 

This  cavity,  apart  from  the  organs  ""J""  PBismmnB  emdhvo. 
.hieh  belong  to  it,  presents  important  ^•S.'SSSi^*"':^^ 
vanations  in  structure.  In  most  riscea  gUnd;  in.  m  fundi  bo)  ma;  pt. 
it  retains  a  fairly  simple  character,  but  ingrowth  from  month  to  form 
in  the  Dipnoi  its  outer  fc.u„d»r,  beeome,  tl.f  S'-^^^S'^ ._  t  „7i 
extended  so  aa  to  enclose  the  ventral  chord;  af.&limentaiylraot; /on. 
opening  of  the  nasal  sack,  which  thence-  Mt"7  of  mandibnlar  arch, 
forward  constitutes  the  posterior  nares. 

In  Amphibia  and  Amniota  the  posterior  nares  also  open  well 
within  the  boundary  of  the  buccal  cavity. 

In  the  Amniota  further  important  changes  take  place. 

In  the  first  place  a  plate  grows  inwards  from  each  of  the  supe- 
rior maxillary  processes  (fig.  427,  p),  and  the  two'  plates,  meeting  in 
the  middle  line,  form  a  horizontal  septum  dividing  the  front  part  of 
the  primitive  buccal  cavity  into  a  dorsal  respiratory  section  (n), 
containing  the  opening  of  the  positerior  nares,  and  a  ventral  cavity, 
forming  the  permanent  mouth.  The  two  divisions  thus  formed  open 
into  a  common  cavity  behind.  The  horizontal  septum,  on  the  de- 
velopment within  it  of  an  osseous  plate,  constitutes  the  hard  palate. 

An  intemasal  septum  (fig.  427,  e)  may  more  or  less  completely 
divide  the  dorsal  cavity  into  two  canals,  continuous  respectively 
with  the  two  nasal  cavities. 

In  Mammalia  a  posterior  prolongation  of  the  palale,  in  which  an 
osseous  plate  is  not  formed,  constitutes  the  soft  palate. 
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genbaur.) 

p.  paUtine  plate  of  superior 
maxiUor;  proceBs;  m.  permaiient 
mooth ;  n.  posterior  part  of  nasal 
passage;  r.  internsBal  Heptnm. 
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The  second  change  in  the  AmDiota,  which  abo  takes  place  in 
le  Amphibia,  is  caused  by  the  sectioB  of  the  meseDteron  into 
which  the  branchial  pouches  opea,  be- 
comiug,  on  the  atropbv  of  these  struc- 
tures, converted  into  the  posterior  part 
of  the  buccal  cavity. 

The  organs  derived  from  the  buccal 
cavity  are  the  tongue,  the  various  sali- 
vary glands,  and  the  teeth  ;  but  the  lat- 
ter alone  will  engage  our  attention  here. 
The  teeth.  The  teeth  are  to  be 
regarded  as  a  special  product  of  the 
oral  mucous  membrane.  It  has  been 
shewn  by  Qegenbaur  and  Hertwig  that 
in  their  mode  of  development  they  es- 
sentially resemble  the  placoicl  scales  of 
Elasmobranchii,  and  that  tho  latter 
structures  extend  in  Elasmobranchii 
for  a  certain  distance  into  the  cavity  of 
the  mouth. 

As  pointed  out  by  Gegenbaur,  the  teeth  are  therefore  to  be 
regarded  as  more  or  less  specialised  placoid  scales,  whose  presence  in 
the  mouth  is  to  be  explained  by  the  fact  that  the  latter  structure  is 
lined  by  an  invagination  of  the  epidermis.  The  most  important 
developmental  point  of  difference  between  teeth  and  placoid  scales 
consists  in  the  fact,  that  in  the  case  of  the  former  there  is  a  special 
ingrowth  of  epiblast  to  meet  a  connective  tissue  papilla  which  is  not 
found  in  the  latter. 

Although  the  t«eth  are  to  be  regarded  as  primitively  epiblastic  struc- 
tures, they  ai-e  iievertlieless  found  tn  Telnost^^i  and  Oannidei  on  the  hyoid 
antl  bi-aiichuU  arches ;  and  very  possibly  the  teeth  on  some  other  parts  of 
the  inoutli  are  developed  in  a  true  hypoblastic  regiou. 

Tlie  teeth  are  formed  fi'om  two  distinct  organs,  viz.  an  epithelial  cap 
and  a  connective  tis-tue  paj^illa. 

Tho  general  mode  of  development,  as  has  lieen  more  especially  shewn 
by  the  extended  r-'searches  of  Tomes,  is  practically  the  same  for  all  Verte- 
bruta,  and  it  will  be  convenient  to  describe  it  kn  it  takes  place  in  Uaui- 
malia. 

AlonK  the  line  where  the  teeth  are  about  to  develop,  there  is  form«d 
an  ejiitheliat  ridge  projecting  into  the  subjacent  connective  tissue,  and 
derived  fmm  the  innermost  columnar  lajer  of  tlie  oral  epithelium.  At 
the  |M>iDta  where  a  tooth  is  about  to  be  formed  tliiu  ridge  imdursoes  special 
changes.  It  becomes  in  the  first  ]ikce  somewLat  thickened  by  the  develop- 
ment of  a  number  of  rounded  cells  in  its  interior;  so  that  it  becomes 
constituted  of  (1)an  external  layer  <if  columnar  cells,  and  (2)  a  central 
core  of  roundnd  cells;  Iwth  of  an  epithelial  nature.  In  the  second  place 
the  organ  ^raduully  asBiimes  a  .dome-shaped  form  (liii.  426,  e),  aud  covers 
over  a  papilla  of  the  siibepitiielial  connective  tissue  (p)  which  has  in  the 
meantime  been  develojiet). 
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From  the  above  epithelial  atriictui-e,  which  may  be  called  the  enamel 
organ,  and  fmui  the  papilla  it  covers,  which  may  be  spoken  of  m  the 
dental  papilla,  the  wliole  tooth  is  developed.  After  these  parts  have 
become  established  there  is  formed  round  the  rudiment  of  each  tooth  a 
special  cotmectiTe  tissue  cap>iule  ;   known  aa  the  dental  capsule. 

Before  the  dental  capaule  lias  become  definitely  formed  the  enamel 
organ  and  the  dental  papilla  undei^  important  changes.  The  rounded 
epithelial  cells  fui'iiiing  the  core  of  the 
enamel  organ  undergo  a  peculiar  transfor- 
mation into  a  tissue  closely  resembling  or- 
dinary embi-yonic  connective  tissue,  while 
at  the  same  time  the  epithelium  adjoining 
the  dental  papilla  and  covering  the  inner 
surface  of  the  enamel  organ,  acquires  a  some- 
what different  utructure  to  the  epithelium 
on  the  o\iter  uide  of  the  organ.  Its  celts 
become  very  markedly  columnar,  and  form 
a  very  regular  cylindrical  epithelium.  This 
layer  alone  is  concerned  in  forming  the 
enamel.  The  cells  of  the  outer  epithelial 
layer  of  ihe  enamel  oi^an  become  somewhat 
flattened,  and  the  surface  of  the  layer  is 
raised  into  a  series  of  rhoi-t  papillte  which 
project  into  the  highly  vascular  tisnue  of 
the  dental  sheath.  Between  the  epithelium 
of  the  enamel  oigan  and  the  adjoining  con- 
nective tiasue  there  is  everywhei-e  present 

a  delicate  membrane  known  an  the  mem-  ^m-  *28.    Diaqbui  SBEwran 

brana  pneformativa.  Jf^^'oJS^)°' ™  ™™" 

The  dental  papUIa  is  formed  of  a  highly  ^^^       ^^j^     ^  ^^^, 

vascular  coi-e  and  a  non-vascular  superficial     orrain. 
layer  adjoining  the  inner  epithelium  of  the 

enamel  organ.     The  cells  of  the  superficial  layer  ai-e  arranged  so  as  almost 
to  resemble  an  epithelium. 

The  first  formation  of  the  hard  structures  of  the  tooth  commences  at ' 
the  apex  of  the  dental  papilla.  A  calcification  of  the  outermoflt  layer  of 
the  papilla  sets  in,  and  results  in  the  formation  of  a  thin  layer  of  dentine. 
Nearly  simultaneously  a  thin  layer  of  enamel  is  deposited  over  this, 
from  the  inner  epithelial  layer  of  the  enamel  organ  {fig.  428).  Both 
enamel  and  dentine  continue  to  be  depohitcd  till  the  crown  of  the  tooth 
has  reached  its  final  form,  and  iu  the  coun^  of  this  process  the  enamel 
organ  is  reduced  to  a  thin  layer,  and  the  whole  of  the  outer  layer  of  the 
dental  papilla  is  transformed  into  dentine — while  the  inner  portion  remains 
as  the  pulp. 

The  root  of  the  tooth  is  foi-med  later  than  the  crown,  but  the  enamel 
organ  is  not  prolonged  over  this  part,  so  that  it  is  only  formed  of  dentine. 

By  the  formation  of  tbe  root  the  crown  of  the  looth  becomes  pushed 
outwards,  and  breaking  through  its  sack  projects  freely  on  tbe  surface. 

The  part  of  the  sack  which  surrounds  the  root  of  the  tooth  givea  rise 
to  the  cement,  and  becomes  itaelf  couvei'ted  into  the  jieriosteum  of  the 
dental  alveolus. 

The  general  development  of  the  enamel  organs  and  dental  papillee  is 
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BhewB  in  the  diagram  (fig.  4'28).  From  the  epithelial  ridge  three  enamel 
ot^HJia  are  represented  as  being  developed.  Such  aa  arrangement  may 
occur  when  teeth  are  succe!«ivel;  reptaoed.  The  lowest  and  youngest 
enamel  organ  (e)  hae  assumed  a  cHp-like  form  enveloping  a  d«ital  papilla, 
but  no  calcification  hax  yet  taken  place. 

In  the  next  Rtage  a  cap  of  dentine  has  become  formed,  while  in  the 
still  older  tooth  this  liaa  become  covei-ed  by  a  layer  of  en«meL  As  may  be 
gathered  from  this  diagram,  ihe  primitive  epithelial  ridge  from  which  the 
enamel  organ  is  formed  is  not  necessarily  absorbed  on  the  formation  of  a 
tooth,  but  is  capable  of  giving  rise  to  fresh  enamel  oi^ans.  When  the 
enamel  organ  ha«  reached  a  certain  stage  of  development,  its  connection 
with  the  epithelial  ridge  is  ruptured  (fig.  428). 

The  arrangement  represented  in  fig.  428,  in  which  successive  enamel 
organs  are  formed  from  the  same  epithelial  ridge,  is  found  in  most  Verte- 
brata  except  the  Teleostei.  In  the  Teleostei,  however  (Tomes),  a  fre«b 
enamel  organ  grows  inwards  from  the  epithelium  for  each  successively 
formed  tooth. 

The  Proctodanm. 

In  all  Vertebrata  tlie  cloacal  section  of  the  alimeDtary  tract 
which  receives  the  urinogenital  duels  is  placed  in  communication 
with  the  exterior  by  raeans  of  an  epiblastic  invagination,  constituting 
a  proctodfeum. 

This  invagination  is  not  usually  very  deep,  and  in  most  instances 
the  boundary  wall  between  it  and  the  hypoblastic  cloaca  is  not 
perforated  till  considerably  after  the  perforation  of  the  stomodteum ; 
in  Fetromyzon,  however,  its  perforation  is  effected  before  the  mouth 
and  pharynx  are  placed  in  communication. 

The  mode  of  formation  of  the  pri>ctodteum,  which  is  in  general 
extremely  simple,  is  illustrated  by  fig.  420  an. 

In  most  forms  the  original  boundary  between  the  epiblast  of 
the  proctodseum  and  the  hypoblast  of  the  primitive  cloaca  becomes 
obliterated  after  the  two  have  become  placed  in  free  communication. 


9m 


FlQ.  429.       DlAOBAHHlTIC 

rp,  epiblast;  Sp.c.  apiiial  cBual;  ch.  notochord;  n.t.  neurenterio  can&l;  hy.  hypo- 
hlsit;  p.a.ff.  poBtanol  gut;  pr.  remAina  of  primitive  streak  folded  in  on  tlie  ventral 
side;  at  lUlautoii;  dm.  meBOblSBt;  an.  point  wbere  annn  will  be  formed;  px.  pen- 
vigcl^ral  cavity;  am.  amnion;  ao.  somatoplcure ;  (p.  splniiohnoplenre. 
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la  Birds  the  formatioa  of  the  proctodasum  is  somewhat  more  compli- 
oftted  than  in  other  tjpes,  owing  to  tiie  outgrowth  from  it  of  the  bursk 
Fabricii. 

The  proctodteura  first  appears  when  the  folding  off  of  the  tail  end  of 
the  embryo  commences  (fig.  429,  an)  and  is  placed  near  the  front  {originalI]r 
the  apparent  hind)  end  of  the  primitive  streak.  Its  position  marks  out 
the  front  botder  of  the  postanal  section  of  the  gut. 

The  bursa  Fabricii  first  appears  on  the  Beventh  day  (in  the  chick),  as  a 
dorsal  outgrowth  of  the  proctodteum.  The  actual  perforation  of  the  sep- 
tum between  the  proctodteum  and  the  cloacal  section  of  the  alimentary  tract 
is  not  efiected  till  about  the  fifteenth  day  of  foetal  life,  and  the  approxi- 
mation of  the  epithelial  layers  of  the  two  oi^na,  preparatory  to  their 
absorption,  is  partly  effected  by  the  tunneling  of  the  mesoblastic  tissue 
between  them  by  numerous  spaces. 

The  hypobla^tic  section  of  the  cloaca  of  birds,  which  receives  the  open- 
ings of  the  urinogenital  ducts,  is  permanently  marked  oS*  by  a  fold  from 
the  epiblastic  section  or  true  proctodRum,  with  which  the  bursa  Fabncii 
communicates. 
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Abdominal  ntatialea,  G57 

Abdotainal  pore,  £14,  618 

Aoipenaer,  development  of,  81;  aEBnitiea 
0^  9B ;  oomparison  of  gftatrols  of,  333; 
pencordial  cavity  of,  515 

Actinotrocho,  307 

Air-Lladder  of  TeleoBtti,  63;  Lepidostena, 
97;  blood  enpplj  of,  530;  general  to- 
count  of,  627 ;  homologies  of,  630 

Alciope,  oje  of,  894 

AJispii^aid  region  of  I'kull,  169 

Alimentai;  canal  and  appendageB,  deve- 
lopment of,  620 

Alimentary  tract  of  Ascidia,  15;  Molgula, 
18;  Pyrotoma.SO;  Salpa,26',  Elaama- 
branchii,43;  TeleoBtei,60;  reirotDyzou, 
77,  79  ;  Acipenser,  91 ;  Amphibia,  107, 
Its ;  Chick,  169 ;  reBpiratoiy  region  of , 
628 ;  temporaiy  doeure  of  (BBophageal 
legion  of,  624 

AllantoiH,deTelopmeDtofinCbiok,159,lS4; 
blood-vesaslaof  in  Chick,  160;  Lacerta, 
170, 173 ;  eatlj  development  of  in  Babbit, 
190,  of  tioinea-pig,  220 ;  origin  of,  257. 
Sft  alio  '  Placenta  '  and  '  Bladder.' 

Alternation  a!  generations  in  Aecidiana, 
origin  of,  29;  in  Botryllns,  39;  Pyro- 
Boma,  30;  Salpa,  30;  Uoliolam,  SO 

Alj'tea,  branehi^  chamber  of,  113;  jolk- 
eack  of,  115 ;  btanchiee,  116 ;  Mitlleiian 
duct  of,  GS5 

AmblyBtoma,  ormn  of,  99 ;  larra  of,  117, 
118 

Amia,  ribs  of,  463 

Ammoccetes,  78 ;  metamorphosis  of,  81 ; 
ej^of,  409 

Amnion,  early  development  of  In  Cbkk, 
IM ;  later  history  of  in  Ohick,  16S ; 
Lacerta,  169,  173;  Babbit,  190;  origin 
of,  255,  2E7 

Amphibia,  development  of,  99 ;  viviparous, 
100;  gaitnila  of,  231 ;  soctorial  month 
of,  S63;  cerebellom  of,  350;  infondi- 
btjom  o^  355;  pineal  gland  of,  357; 
cerebrum  of,  BSl ;  olfaetoiy  lobes  of, 
360;  Dares  of,  489;  natochord  and  its 
Bheatb,  452 ;  vertebral  ooltunn  of,  456 ; 


ribs  of,  463  ;  branchial  archea  of,  473 ; 
mandibular  and  hyoid  arches  of,  479 ; 
colnmella  of,  479;  pectoral  girdle  of, 
"~  pelvic  girdle  of,  498;  limbs  of, 
heart  of,  635  ;  arterial  system  of, 
venons  system  of,  636;  excretory 
system  of,  582  ;  vasa  efferentia  of,  586  ; 
hver  of,  633 ;  postanal  gut  of,  686 ; 
Htomodaaam  of,  639 

Amphiblastula  larva  of  Forifera,  285 

Amphioxus,  development  of,  1 ;  gastrula 
of,  339 ;  fomiBtion  of  mesoblast  of,  243 ; 
development  of  notochord  of,  243  ;  head 
of,  360;  spinal  nerves  of,  380;  ol- 
faetoty  organ  of,  438 ;  venoas  system  of, 
transverse  abdominal  muscle  of, 
generative  cells  of,  615;  liver  of, 
postanal  gut  of,  684;  stomodcim) 
of,  639 

Ampbistylie  skulls,  476 

Angular  bone,  488 

Anterior  abdominal  vein,  637 

Anuta,  development  of,  100 ;  epiblast  of, 
103 ;  mesoblast  of,  105  ;  notoohord  of, 
105 ;  hypoblast  o^  107 ;  general  growth 
of  eralwyo  of,  108  ;  larva  of.  111  j  ver- 
tebral oolmim  of,  458 ;  mandibnlar  arch 
of,  481 

Anas  of  Amphiozus,  6 ;  Ascidia,  16 ;  I^- 
TOBoma,  23  ;  Salpa,  26  ;  Etasmobranohii, 
47  i  Amphibia,  108,  109 ;  Chick,  139 ; 
primitive,  263 

Appendicnlaria,  development  of,  26 

Aqneductns  vestibnli,  427 

AqueoQB  hmnoor,  409 

Araohnida,  nervous  system  of,  387 ;  eye 
of,  396 

Area,  embryonic,  of  rabbit,  160;   epiblast 
of,  181 ;  origin  of  embryo  tram,  188 
area  opaca  of  Chick,  134 ;  epiblast,  hypo- 
blast, and  mesoblast  of,  183 
area  pelladda  of  Chick,  134 ;  of  IiaoerMt, 
167 


Arteria  centralis  n 
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Arterial  BjBtem  of  PetramTZon,  80 ;  con- 

ititntion  of  in  embryo,  629 ;  of  Fishes, 
630 ;  of  Amphibia,  531 ;  of  Amniots, 
532 

Arthropods,  head  of.  260 ;  nerronH  syatem 
of,  ^T  1  eye  of,  395 ;  eicretor;  organg 
of,  667 

Artkinlar  bone  of  Teleoatei,  i78 ;  of  Sau- 
ropsida,  481 

Ascidia,  dBvelopmeot  of,  S 

Ascidiana.     See  '  Tunicata ' 

Ascidiozooida,  21 

Atrial  cavity  of  AmptuoioB,  G ;  Ascidia, 
15  ;  PjroBoma,  20 

Atrial  pore  of  Amphioms,  G ;  AHcidia,  17 ; 
PyroBoma,  23 ;  Salpa,  27 

Andiloi;  capBules,  oEBificationa  in,  489, 
490 

Auditory  ioTolutioD  of  Elasmobranchii, 
47;  Tdeostei,  69;  Petromjzon,  73,  76; 
Acipenaer,  B7 ;  Lepidostens,  94;  Ani' 
phibia,  lOS :  Chick,  141 

Aaditorj  nerve,  development  of,  577 

Auditory  organs,  of  Ascidia,  13  ;  of  SaJpa, 
26 ;  of  Ammoccates,  80  ;  Ganoidei,  89, 
94  ;  of  Amphibia,  106 ;  of  Avea,  141 ; 
general  development  of,  422  ;  of  aqnatio 
forma,  422;  of  land  forms,  42lj;  of 
Ctxlenterata,  423  ;  of  Mollusca,  424  ;  of 
Gnutaoea,  426;  of  Vertebrata,  425;  of 
Cyclostomata,  73.76,426;  of  Teleoatei, 

'   LepidoBtena    and   Amphibia,    426 ;    of 

'  Mammalia,  437  ;  oceessory  stmctares  of, 
435  ;  of  Tnnicata,  436 

Auriculo-veii  trie  alar  valves,  698 

Aatostylic  ahBlls,  476 

Avea,  development  of,  120;  eercbcllum  of, 
S51;  midfarojn  of,  S62;  infundibnlnm 
of,  355  ;  pineal  gland  of,  367;  pitnitary 
body  of,  S69 ;  cerebrum  of,  361 ;  ol- 
faotory  lobes  of,  366 ;  spinal  nerves  of, 
374 ;  cranial  nerves  of,  ST4 ;  vagus  of, 
377 ;  glossopharyngeal  of,  377 ;  verte- 
bral oolnmn  of,  469 ;  ossiScatioa  of 
vertebral  column  of,  460;  branchial 
arches  of,  472,  473;  pectoral  girdle  of, 
495 ;  pelvic  girdle  of,  499 ;  heart  of, 
623;  arterial  tyeUla  of,  632;  venous 
system  of,  541 ;  muecle-plales  of,  652  ; 
excretory  organs  of,  588 ;  mesonephros 
of,  589 ;  pronephros  of,  691 ;  Miillerian 
duct  of,  591,  593;  nature  of  prone- 
phros of,  694  ;  connection  of  Mullerian 
dnct  vrith  Wolffian  in,  691 ;  kidney  of, 
596 ;  Innga  of,  629  ;  liver  of,  632  ;  post- 
anal gal  of,  636 

'Aiolotl,  117,  118;  ovum  of,  99;  mid- 
brain of,  352 ;  mandibular  arch  of,  479 

Basilar  membrane,  492 
Basilar  plate,  466 
Basipteiygium,  603 
BnsiBpheDoid  region  of  aknll,  469 
Bilateral  symmeti7,  origin  of,  808—810 


Bile  dnct,  633 

Bladder,  Amphibia,  106 ;  of  Amuioto,  598 

Blastodermic  vesicle,  of  Babbit,  first 
development  of,  179;  of  7th  day,  183; 
Guinea-pig,  219;  meaning  of,  242 

Blastoderm  of  Fyrosoma,  20;  Elasmo- 
branchii,  34;  Chick,  124;  Lacerta,  167 

Blastopore,  of  Ampbioius,  2 ;  of  Ascidia, 
9)  Elasmobrancbii,  36,  44,  51;  Petro- 
tnvzon,  71;  Acipenser,  8G ;  Amphibia. 
103,  108;  Chick,  127;  Babbit.  178; 
trne  Mammalian,  167 ;  comparative 
history  of  closure  of,  236,  240;  snu)- 
ma>7  of  fate  of,  261;  relation  of  to 
primitive  anus,  368 

Blood-vessels,  development  of,  520 

Body  cavity,  of  Ascidia,  18;  Holgnia,  13; 
Solpa,  26;  ElasmobranoMi,  39;  of  Te- 
leostei,  60;  Petromyzon.  77;  Chick, 
140;  development  of  in  Chordata,  3(i9 ; 
views  on  origin  of,  294—297,  310;  of 
Invertebrata,  512;  of  Chotdata,  513;  of 
head,  667 

Bombinator,  branchial  chamber  of,  112; 
vertebral  column  of,  458 

Bonellia,  excretory  organs  of,  667 

Bonca,  origin  of  cartilage  bbnes,  447 ; 
origin  of  membrane  bones,  447;  develop- 
ment of,  448 ;  homologies  of  membrane 
bonea,  487;  homologies  of  cartilage 
bones,  489 

Brachiopoda.  excretory  organs  of,  563; 
generative  dncts  of,  617 

Brain,  of  Aseidia,  10,  13;  ElasmobraO' 
chii,  46,  43,  49;  Teleostei,  63;  Petto- 
myKon,  73,  76;  Acipenser,  87;  Lepi- 
dosteus,  93;  early  development  of  in 
Chick,  141;  fieiure  of  in  Chick,  145; 
later  development  of  in  Chick,  146 ; 
Babbit,  190;  general  account  of  deve- 
lopment of,  345;  flexure  of,  S40;  histo- 
geny  of,  847 

Branchial  arches,  pneoral,  470;  disap- 
pearance of  posterior,  473;  dental  plates 
of  in  Teleostei,  473;  relation  of  to 
head  cavities,  471 :  tee  'Visceral  arches' 

Branchial  chamber  of  Amphitno.  113 

Branchial  clefts,  of  Amphioxns,  6;  of 
Ascidia,  15,  17;  Uolgula,  19;  Salpo, 
27;  of  Elasmobranchii,  47,  48,  49,  60; 
Teleostei,  62;  Petromyzon,  74,  79;  Aci- 
penser, 67;  Lepidosteus,  94,  96;  Am- 
phibia, 109,  110;  Chick,  147;  Babbit, 
191;  prteoral,  259,  265;  ot  Inverte- 
brata, 270;  origin  of,  370 

Branchial  rajs,  478 

Bronchial  akelcton,  develo|»nent  of,  471, 
486 ;  of  Petromyzon,  79, 359, 471;  of  Ich- 
tbyoptida,  472;  dental  platee  of  in  Tele- 
ostei, 473;  relation  of  to  head  cavitki, 
471 

BranohJB,  external  oCElaamobrauchii,  SO, 
51;  of  Teleoatei,  63;  Acipenser,  88; 
Amphibia,  106,  110, 112 


3y  Google 


Brood-ponob,  of  SiJpa,  S4;  Teleoatai,  55 ; 
Amphibia,  100 

Brown  tabefl  of  (}aphjre&,  G66 

BulbcB  arteiiosQs,  of  Fishes,  S34;  Am- 
phibia, 625 

Bona  Fabrioii,  1S9,  611 

Canalia  BDiicnlaria,  626 

CasftliB  nonieni,  429 

Capitellidn,  eioretoiy  organs  of,  6S3 

Caroharias,  plaoeata  of,  64 

CBrdina]  vein,  5»6 

CarniTora,  placenta  of,  207 

Caipas,  development  of,  509 

Cartilage  bones  of  skoll,  489;  homologies 

of,  469 
Cat,  plaeenU  of,  207 
Caadal  ■wslliiigB  of  Elasmobraochij,  83, 

45;  TeleoBtd,  58;  Chick,  13fi,  141 
Gephalio  plate  of  Elasmobianohii,  45 
'  Ct^haloefaorda,  development  of,  1 
Cephalopoda,  eyes  of,  3S9— 393 
Cerebelliun,  Petromyzon,  76;  Cbick,  146; 

general  aeooimt  of  development  o^  349, 

350 
Cerebnim  of  Petromyzon,  76,  SI;  Chick, 

14S;  general  development  of,  353,  S60; 

transverse  figsore  of,  SM 
Cestoda,  excretory  organs  of,  C61 
Cetaoea,  placenU,  212 
CbiBtognaths,   nerrons    system   of,    289; 

eye  of,  394;  generative  organs  of,  612; 

generativB  dncts  of,  61B 
Cfaotopoda,   head  of,  260;   eyes  of,  394; 

eioietoiy   oi^ns    of,   563;    gmerative 

organB  of,  012 ;  generative  ducts  of,  617 
Chaiybdna,  eye  of,  3^ 
Cheiroptera,  plaoenta  of,  203 
Cheiroptejygmni,  608;  relation  of  to  ich- 

tbyopteiTgiom,  610 
Cbelonia,  development  of,  174 ;  pectoral 

giidle  of.  495 :  arterial  Bystem  of,  633 
Chick,develcpmentof,  120;  general  growth 

of  embryo  of,  141 ;  rotation  of  embryo 

of,    143;    fmtal    membranes   of,    164; 

epiblaat  of,  124,  IS^ ;   optic  nerve  and 

choroid  fissure  of,  411 
'Chilognatha,  eye  of,  896 
Cbilopoda,  eye  of,  S95 
Chimera,   lateral  line  of,  444;  vertebral 

column  of,  462;  naies  of,  439 
Cbiromanlifl,  oviposition  of,  100 
Chorda  tympani,  development  of,  S7S 
Chordata,   ancestor    of,    2&8;    branchial 

Bj'atem  of,  259;   evidence  from  Amino- 

ccetes,  269;    bead  of,  260;   mouth  of, 

264 ;  table  of  phylogeny  of,  271 
Chorion,  197;  villi  of,  197,  216 
Choroid   ooat,  Ammoetetes,   81;    general 

acoonnt  of,  401 
Choroid  Assure,   of  Vertebrate  eye,  400, 

406;  of  Ammoccetes,  410;  comparative 

development   of,   411;    of  Chick,  412; 

of  Lizards,    413;    of  Elasmobranchii, 


413;  of  Teleostel,  414;  Amphibia,  414; 
Mammala,  414,  416 

Choroid  gland,  265 

Choroid  pigment,  403 

Choroid  plexus,  of  fonrth  vsntrtcle,  360; 
of  Uiiid  ventricle,  366 ;  of  lateral  ven- 
tricle, 364 

Ciliated  sack  of  Aaoidia,  16;  Fyrosoma, 
22;  Salpa,  26 

Ciliary  gaikglion,  879 

Ciliary  moscle,  403 

Ciliary  ^vcesses,  402;  comparative  de- 
velopment of,  416 

Clavicle,  492 

Clitoris,  development  of,  S09 

CUnoid  ridge,  469 

Cloaca,  630 

Cocoygeo -mesenteric  vein,  545 

Cochlear  oanal,  427 

Ccecilia,  development  of,  113;  pronephros 
of,  662;  meaonephioa  of,  584;  MLil- 
lerian  dnct  of,  G85 

Ccelent«rala,  larvte  of,  SOS;  eyes  of,  888 ; 
auditory  organs  of,  423;  generative  or- 
gans o^  610 

Columella  auris,  436;  of  Amphibia,  479; 
of  Sauropsida,  483 

CommisBores,  of  spinal  cord,  S4S;  of 
brain,  366,  366,  361,  366 

Coni  vasculosi,  597 

Ccnos  arteriosus,  of  Fi^ee,  624;  of  Am- 
phibia, 626 

Coraeoid  bone,  492 

Cornea,  of  Ammoomle^  61;  general  de- 
velopment of,  407;  corpnscles  of,  406; 
comparative  development  of,  411 ;  of 
Matninals,  411 

CoTonoid  bone,  488 

Corpora  geniciUata  interna,  363 

Corpora  quadrigemina,  363 

Corpora  striata,  development  of,  360 

Corpus  caUoaam,  development  of,  365 

Corti,  organ  of,  430;  stractore  of,  432; 
fibres  of,  433 ;  development  of,  434 

Cranial  Sexore,  of  Blasmobranchii,  48, 
49  ;  of  Teleostei,  62;  Petromyzon,  76, 
77  ;  of  Amphibia,  108,  109 ;  Chick,  146 ; 
Babbit,  191;  characters  of,  266;  sig- 
nifloanoe  of,  267 

Cranial  nerves,  development  of,  374;  re- 
lation of  to  head  cavities,  379 ;  anterior 
roots  of,  380—382;  view  on  pontion  of 
roots  of,  383 
.Crooodllia,  arterial  system  of,  633 

Crura  cerebri,  363 

Cmstacea,  nervous  system  of,  888 ;  ^e  ot, 
896 ;  auditory  organs  of,  425 ;  generative 
cells  of,  618;  generative  ducts  of,  618 

Cupola,  4S2 

Cutaneous  mnsdes,  557 

Cyathozooid,  21 

Cyolostomata,  andiCory  organs  o^  426; 
olfactory  organ  of,  439 ;  nolochord  and 
vertebrsl  column  of,  450,  463 ;  abdo- 


3y  Google 


646 


minol  pores  of,  SIS ;  segmental  dnet  of, 
677;  pronepbroB  of,  677;  meBouephroB 
of,  577;  generfttivB  duots  of,  608,  616; 
TCDouB  BjBtem  of,  596 ;  eioietory  organe 
of,  677 
Cf  EUgnatlinB,  oviposition  of,  100 

Dactylethis,  bmncbial  chunber  of,  113; 

bnuichue  of,  112;  tadpole  of,  US 
DecidoB  reOexa,  of  Bat,  300;  of  Insect!- 

Tora,  202 ;  of  Han,  208 
Deiter's  oellB,  483 
Dental  papilla,  641 
Dental  oapsnle,  641 
Dentarj'  bone,  488 
Dentine,  641 

DeHcemet'B  membrane,  408 
Diaphragm,  618;  mnsde  o^  637 
Dipnoi,  narea  <rf,  440;  Tertebral  column 

o^  462 ;   membrane  bones  of  Bknll  of, 

487;  heart  of,  636;  arterial  system  tA, 

G30;  eioretoi?  Bystem  of,  683;   stomo- 

d»nm  of,  639 
Diptera,  e;e  of,  895 
Discophora,  eioretoiy  organs  of,  667 
Dog,  placenta  of,  206 
Dobin,  on  rdations  of  Cjdostomata,  G9 ; 

on  ancestor  of  Chordata.  268,  264 
Doliolom,  deTclopment  of,  23 
Ductus  arlorioSDB,  533 
DuctoB  Botslli.  633 
DactiiB  Cnvieri,  637 
DnotUB  venoens  Arantii,  547 
Dogong,  heart  of,  538 
DjBtiens,  e;e  of,  395 

Ear,  Me  'Anditorj  organ' 

Eohinodermata,  secondary  sTmmetr?  of 
laiva  of,  613;  excretorj  organs  of,  568; 
generative  dncts  of,  619 

Echinorbinna,  lateral  line  of,  444;  verte- 
bral column  of,  463 

Echinma,  eicretoij  organs  of,  S66 

Eotostous,  448 

Edentata,  placenta  of,  306,  207,  318 

Eel,Ber  --"-    • *   "" 

Egg-ehe 
121 

Blasmobranchii,  development  of,  69;  Ti- 
vipsrons,  S9;  general  featores  of  de- 
velopment of,  46 ;  gastmla  of,  833 ;  de- 
velopment of  mesoblast  of,  344;  notn- 
cboid  o[|  244 ;  meaning  of  formation  of 
mesoblast  of,  346;  restiform  tracts  of, 
360;  optio  lobes  o(,  852;  cerebellum  of, 
360;  pineal  gland  of,  866;  pitnilary 
body  of,  859;  oerebmm  of,  361;  olfac- 
tory lobes  of,  366;  Bpinal  norves,  869; 
cranial  nerves  of,  376;  sympathetic 
nervous  system  of,  384;  naiea  of,  4S9; 
lateral  line  of,  444 ;  vertebral  oolunm  of, 
463;  ribs  of,  462;  parachordals  o^  4G7; 
mandibular  and  hyoid  arches  of,  474;  pec- 
toral girdle   of,  498;   pelvio  girdle  of. 


498;  limbe  of,  500;  pericardial  e&vi^ 
of,  616;  arterial  system  of,  630  ;  venons 
fffBtem  ol,  536;  muscle-plates  of,  551; 
excretory  organs  of,  669;  conttitatioa 
of  excretory  organs  in  adnlt  of,  67S ; 
speimatozoa  of,  615;  swimming-bladder 
of,  628;  intestines  of,  681 ;  liver  of,  6S2 ; 
postanal  gnt  of,  681 

Elsoblast  of  PyroBoma,  33;  Salpa,  2S 

Elephant,  placenta  of,  307 

EmDolio  formation  of  gastmla,  376 

Enamel  organ,  641 

Endolymph  of  ear,  430 

EndostoBJB,  448 

EndoBtyle  of  Aecidia,  15,  634 ;  Fyrosom*, 
31 ;  Salpa,  27 

Epiblaet,  of  Elsanobranohii,  38 ;  Teleostei, 
57,  60 ;  Petromyzon,  71 ;  LepidoBt«n)i, 
93;  Amphibia,  101,  103;  Chick,  124, 
138;  LacerU,  168;  Rabbit,  179,  I8i  ; 
origin  ol  in  Habbit,  184 ;  comparative 
account  of  development  of,  240 

Epibolic  formation  of  gastrula,  377 

Epiobordal  formation  (^  vertebral  colnnui, 
458 

Epicrinm  glatinosnm,  116 

Epidermis,  in  Ccelenterata,  826;  protective 
structures  of,  825 

Epididymis,  697 

Epigastric  vein,  637 

Episkeletal  mnscles,  657 

Epistemnm,  494 

Epoophoron,  697 

Ethmoid  bono,  490 

Ethmoid  r^on  of  BkoU,  470 

Ethmopalatine  ligament  of  Elaimo- 
brauchs,  475 

Euphausia,  eye  of,  898 

Enstachian  tuba,  of  Amphibia,  111;  Chick, 
149 ;  Babbit,  192 ;  general  development 
of,  435 

Excretory  organs,  general  oonstitntiMl  of, 
561 ;  of  Flatyelminthes,  661;  of  Mol- 
luBca,  562 ;  of  Folyzoa,  563 ;  of  Brachi- 
opoda,  563;  of  CluetopodB,  663;  t4 
Gephyrea,  566 ;  of  Discophora,  667 ;  of 
Arthropoda,  667  ;  of  Nematoda,  668 ;  of 
Echinodermata,  668 ;  oonatitation  of  in 
Craniata,  668  ;  of  Elasmobranchii,  669 ; 
eonstitntion  of  in  adnlt  Elaamobrancfa, 
576 ;  of  Petromyzon,  677  ;  of  Myiine, 
678 ;  of  Tcleoslei,  678;  of  Qanoidei,  680 ; 
of  Dipnoi,  683  ;  of  Amphibia.  682 ;  of 
Amniota,  688 ;  comparison  of  Vertebrate 
and  Invertebrate,  607 

Excretory  system,  of  Elasmobranchii,  40; 
Teleostei,  63;  I'etromyzon,  73,  81; 
Acipenser,  01 ;  Amphibia,  110 

Exoccipital  bone,  469 

Eioakeleton,   dermal,  825—827;    epidcv- 


External  generative  organs,  539 

Extra-branchial  skeleton,  471 

Eye,  of  Asddia,  14;  Salpa,  26;  Elamo- 
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kranobii,  U,  47.  4S ;  Teleostei,  69 ; 
Fetromjion,  76. 80;  Avea,  141 ;  Babbil, 
100;  general  Amdapmxni  of,  S87  ;  ero- 
Intioa  of,  AST,  888;  simple.  S95;  eom- 
poond,  898 ;  aoonmu,  896 ;  pseodo- 
conoflB,  Sgfl;  of  InreitebrBta,  888;  of 
VBrtebrata,  896;  oompanUiTe  deralop- 
ment  (rf  Teitebnte,  409 ;  of  AmnuMoatM; 

.  400 ;  of  TiuiiMU,  418 ;  of  ChordBta, 
genial  Tieva  on,  410 ;  moeonorj  ejea 
of  Fiabts,  490 ;  mnaelM  of,  S6S 

Ejdids,  derek^meitt  of,  416 

FoleilbTin  liguneat,  623 

Fftlz  oerabri,  861 

FaadeaU  teielca,  of  ElAsmobnndili,  860 

Ftfttbois,  deTdi^meDt  of,  337 

Faiestn  Totondk  and  oralia,  496 

FertiliKatioii,  of  Amflikniii.  3;  of  Un>- 
diord*,  8 ;  Sklpa,  34 ;  ElMmobnnchu, 
88;  of  Telaosta,  55;  PetramTZon.  69; 
Ami^ulKft,  09;    Chick,   131;   BeptiiiA, 

'    167 ;  moMung  of,  374 

Fifth  nerve,  derelopmeiit  of,  878 

Fifth  ventriole,  S8S 

^hb,  of  ElaBmobramhii,  51 ;  Teleoetei, 
63 ;  FetroniTZOii,  77,  7S ;  Acipeaser,  80 ; 
Lepidosteni,  97 ;  Tclation  of  p&iied  to 
nnpaired,  601,  603 ;  derelopment  of 
pelvio,  £04;  derelopmeot  of  peotonl, 
604  ;  TiewB  on  naton  of  pured  fins,  606 

Finiues  of  spinal  oord,  344 

Foetal  devdopnieiit,  397 ;  seooDdBi7  varia- 
tianBin,398 

Foot,  606 

Fotamen  of  Monro,  354,  360 

Fonmen  ovale,  638 

Forabrain,  of  Elasmobranohii,  46,  43, 49 ; 
Petiomj'zoD,  76;  general  development 
of,  368 

FormatiTe  sella,  of  Chiek,  134 

Fomii,  developmeot  of,  866 

Foniii  of  Ootteohs,  863 

Fourth  nerve,  S83 

Frontals,437 

FrDDto-naul  proeess,  of  Chick,  149 

Oaertner's  eanala,  607 

(HU-bladdejT.  688 

Uanoidei,  development  of,  84 ;  relstiona 
of,  08;  nares  of,  440;  notochard  of, 
450;  vertebiml  oolnmn  of.  460.  4S6; 
Tibs  of,  463;  pelvio  girdle  of ,  498;  arte- 
rial EjEtem  <^,  5S0 ;  eioretory  oigaiu 
of,  680 ;  generative  dnets  of,  603 

Oastropoda,  eye  o^  S80 

Oastrula,  of  Ainpbioias,  3;  of  Aacidia,  9; 
Elasmobranohii,  86,  36 ;  PetromTEon, 
70;  Adpe&ter.  65;  Amphibia,  103; 
oomparative  developmeiit  of,  in  Invei- 
tebrata,239;  oompariionofMammalian, 
343 ;  pbylogenetio  meaning  of,  376 ; 
ontogeny  of  (general),  376 ;  pbylogeny 
ol,  3^0—386 ;  Mcoodiuy  types  of,  383 


Geckos,  vertebnl  aolamu  of,  459 

Ueoenitive  cells,  development  of,  610; 
origin  of  in  Ccelenterata,  610;  of  In- 
vertebrata,  613 ;  of  Vertebnta,  614, 

GeneratiTe  daoto,  of  Teleostei,  580,  605 ; 
of  Ganoids.  680;  of  Cyoloetomata,  603; 
origin  o^  601 ;  of  Lepidoatetw,  605, 
617;  development  and  evolution  of, 
616;  of  Ctetenterata,  616;  of  Sagitta, 
616;  of  Tnnioata,  616;  Cbntopoda, 
Gephytea.  eto,  617 ;  of  Mollnsoa,  618 ; 
of  Diaoophora.  618 ;  of  Eobinodennata, 
619 

Generative  syatem  of  Elasmobranohii,  49    . 

Uephyrea,  nervous  system  of,  810;  exore- 
toiT  otlgans  of,  566 ;  generative  oells  of, 
613;  generatiTe  dnota  of,  617 

Oemniiat-  diso,  of  Elasmobianehii,  83 ; 
Teleostei,  5S;  Chiok,  133 

Germing  ^thelium,  614 

Germinal  layers,  snmniaiy  of  organs  do- 
rived  from,  in  Vertebrata,  363;  hia- 
torioal  aoooaat  of  views  of,  375 ;  homo- 
logies of  in  the  Metazoa,  386 

Germinal  wall  of  Chick,  13B,  183  ;  stmo- 
tore  and  ohaages  of,  188 

Oeryonia,  auditory  organ  of,  434 

Oill  of  Salpa.  36 

GinUdea,  organ  of,  698 

Olaada,  epidermic,  derelopmstit  ot^  338 

Glomeralna,  external,  of  Chiok,  690 

OlossophatTugeal  nervi^  develapmant  of, 
375,  876 

Gtey  matter  of  spinal  oord,  843 ;  of  brain, 
348 

Growth  in  length  of  Vertebrate  embiyo, 
364 

Goinea-pig,  primitive  streak  of,  186;  noto- 
cbord  of,  187 ;  placenta  of,  301 ;  deve- 
lopment of,  316 

Gymnopbiooa,  $tc  'Coacilia' 

Habenala  perforata,  483 

Haire.  development  of,  338 

Haiichnms,  [daoentaof,  307 

Hand,  508 

Head,  comparative  aooonnt  of,  260 ;  Bag- 
mentation  of.  361 

Head  eavitieB,  of  Elasmobranchii,  41 ; 
Petromyson,  74,  79 ;  Amphibia,  105 ; 
general  development  of,  568 

Head-fold  of  Chick,  130,  130 

Head-kidney,  m>  'Fronepbros' 

Heart,  of  Fyrosoma,  31 ;  Etasmobranehii, 
43,  48;  Fetiomyzon,  77,  80;  Aoipen- 
ser,  87 ;  Chick,  141 ;  firet  appearanoa 
of  in  Babbit,  190 ;  general  development 
of,  530;  of  Fishes,  632,  634;  of  Mam- 
malia, S33 ;  of  Birds,  53S,  535  ;  mean- 
ing of  development  of,  534  ;  of  Amphi- 
bia, 635;  of  Amniota,  635;  Ohanga  of 
poeition  of,  630 

Hind-brain,  Elasmcbranchii,  46,  48,  49 ; 
Petnimyaon.  76;  general  aooonnt  of,  348 
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Hippu«aii]pa«  major,  development  of,  869 

Eiiudo,  development  of  blood-vesMlB  of, 
520 ;  eioretorj  organe  at,  667 

HorBe,  plnoenta  of,  910 

Hjaloid  nrembmie,  406 

Hylodes,  ortpositian  of,  lOO;  metamor- 
phoBiB  of,  114 

Hyobrandiial  deft,  471 

Hjoidarch,  of  Chiok,  149;  gsneralaoaaciit 
of,  471,  474;  modi£cstionB  of,  472,  475; 
or  Elascoobranchu,  474;  of  Teleostei, 
477 ;  of  Amidiibia,  479 ;  of  SaniopBlda, 
483  ;  of  Mammalia,  484 

BTOmandibnlar  bar  of  Blasmobraachii, 
474,  475;  of  TeleosUa,  477;  of  Am- 
phibia, 479 

ByomaDdibtdar  cleft,  of  Petromf  ion,  74 ; 
Chidi,  149 ;  general  aeooant  <^,  471 

Hjostylio  eknllii,  475 

Hj'poblast  of  ElasraobrBndiii,42;  Tdeo«- 
tei,  67,  60;  Fetromj^OD,  70;  Adpenser, 

'  86 ;  Lepidosteas,  93 ;  Amphibia,  101, 
107i  Chick,  125,  138;  Laoerta,  168; 
Bftbbit,  178, 179, 181 ;  origin  of  in  Bab- 
bit, 183 

HTpoakeletal  muealee,  667 

Hfiai,  pkoenta  of,  307 

Incus,  430,  434 

Infi-sclaTicle,  493 

Infaadibulum  of  Petromjzon,  76  ;  CLick, 
146;  general  developinent  of,  364 

Ineectivonli  placenta  of,  203 

InBeotB,  nervous  ^atem  of,  888;  eye  of, 
396;  genemtive  organs  of,  613;  genera- 
tive daeta  of,  618 

Intercalated  pieces  of  vertebral  colamn, 

-    454 

Interclaviele,  homologiea  of,  494 

Intermediate  cell-mass  of  Chick,  162 

Intennaecnlar  septa,  654 

Inteiorbitat  ewtnm,  469 

Interrenal  bodies,  648  * 

Iris,  402;  oompaiativs  development  of, 
416 


Kidney,  ife.'Hetanephros' 

Labia  majora,  development  of,  699 

Labial  cartilages,  490 

Labium   tjmpanicam,   432 ;   veetibnlare, 

433 
Laoertilia,  general  develiqwaent  of,  167; 

nsres  of,  442;  pectoral  girdle  of,  496 ; 

pelvic  girdle  tA,  499;  arterial  system  of. 


LaciTmal  bone,  487 
LaciTmal  duct,  417 
Laeiymal  glanda,  417 


laismargna,  vertebral  colnmii  of,  453 

Lage&a,  432 

Lamina  t^iralis,  483 

Lamina  terminalis,  S61 

Larva  of  Amphioias,  2;  of  Asddla,  12 — 
18;  Teleoetei,  65;  FetromjEon,  73,  78; 
Lepidostens,  96,  963;  AmphiUa,  111, 
116 ;  types  of,  in  the  JnTertebtata,  299 

Larrte,  nature,  origin,  and  afSttities  o( 
397—318 ;  secondary  variations  of  leu 
likely  to  be  retained.  299;  anoeabral 
histoiT  more  folly  recorded  in,  299  ; 
seoondMy  variattona  in  development  of, 
300 ;  ontogenetio  record  of  secondary 
variations  in,  398;  of  teBhwater  and 
land animBla,  299;  ^peBof,399;  phos- 
phorescence of;  301;  of  Ccslenterata, 
803 ;  table  of,  801 ;  of  Inveriebrata,  803 

Larynx,  630 

Lateral  line  sense  organs,  44S;  com- 
parison  of,  with  invertebrate,  443;  de- 
velopment of,  in  TdeoBtd,  444;  de- 
velopment of,  in  Elasmobranchii,  444 

Lateral  ventriole,  860;  anterior  comn  at, 
369;  descending  comu  of;  863;  choroid 
plezns  of,  S64 

Layers,  fraroation  of,  in  Glasmofaranehii, 
34,  46;  Teleoslei,  67;  Petromyion,  70; 
Adpenser,  84;  Lepndosteas,  93;  Am- 
phibia, 101;  Chick,  124,  136;  Lacerta, 
167;  Babbit,  178— 18S;  comparison  of 
Uanunalia  with  lower  forme,  187,  340; 
comparison  of  formation  of  in  Verte- 
brata,  339 ;  origin  and  homologies  of,  in 
the  Metazoa,  274 

Leech,  ttt  'Hlrtido' 

Lemoridn,  placenta,  213 

Lens,  of  Elasmobranchii,  47, 48 ;  Fetromy- 
zon,  76,  81;  Acipenser,  87;  Lepdoa- 
teuB,  96;  Ampbit^B,  105;  Chick,  146; 
of  Vertebrate  eyes,  399  ;  general  acooont 
of,  406;  capaoie  of,  406;  compaiatire 
development  of,  411 ;  of  Amphibia, 
Teleoslei,  Lepidosteni,  411 

Lepidostens,  development  of,  91 ;  larva  of, 
96;  relations  of,  98;  spinal  nerves  of, 
S74;  ribs  of,  463 ;  geneistiTe  ducts  of, 
680,  605 ;  swimming-bladdm  of;  636 

Ligamentnm  peotinatnm,  409 

Ligomentom  snspensorinm,  469, 460 

Ligamentnm  TesicB  medinm,  198 

Limbs,  of  Elasmobranchii,  48;  l^eleoelei, 
64)  first  appeaiance  of  in  Chick,  163; 
Babbit,  192;  muscles  of,  666 ;  ofFishea, 
600;   relation  of,   to  unpaired  flns  of 

'   Pishes,  601,  503 ;  of  Amphibia,  508 

Liver  of  Teleoslei,  63  ;  Fetromyzon,  78; 
79;  Adpenser,  90,  91;  Amphibia,  107; 
general  acoonnt  of,  632 

Lizard,  development  of,  167  ;  gonetal 
growth  of  embryo  of,  172  ;  Uiulerian 
duct  of,  695 

Liziia,  eye  of,  3SS 


hyGoogle 


Id)bi  inleiiorefl,  866 

Longs  of  AmpfaibU,  113;  derelopment  of, 

'    62B ;  homoloKT  oft  680 

LTinphBtia  ajBtenf,  647 

MoUniH,  *B«,  iBB;  vicnre  on,  486 

Ualpigbiaii  bodiM,  deidopment  of  occes- 
Boiy  in  EloBmabrsDohB,  GTS 

Mamm^lin^  deTElopinent  of,  177;  com- 
panson  o!  gaatmla  of,  342 ;  oarabeUnm 
o^  S60;  infuodibiiliuii  of,  SSS;  pineal 
gland  of,  S5T;  pitnitai?  body  of,  T" 
eeiebrom  of,  SSI ;  spinal  nerves  of,  I 
Bjnipathetio  of,  384;  vertebral  aoli 
of,  460;  brancliiaL  arehes  of,  473,473; 
mandibular  and  h;oid  arches  of,  464 ; 
pectoral  girdle  of,  496;  pelvic  girdle  of, 
499;  heart  of,  S29;  arterial  sTstem  of, 
632;  venoot  system  of,  64G;  niwcle^ 
plates  of,  65S;  mtsonephros  of,  669; 
testicular  network  of,  fi96 ;  nrinogenital 
BU11L8  of,  599;  epermatoioa  of,  61S; 
lungs  of,  629;  intestines  of,  631;  liver 
of,  633;  postuialgnt  of,  636 ;  stomcdnnm 
of,  6S9 

Mammaiy  gland,  development  of,  899 

Man,  placenta  of,  203;  general  account  of 
derelopment  of,  221;  characters  of  em- 
biyo  of,  226 

llaDdibular  aioh  of  Elasmobranohii,  61, 
474;  Petromjzon,  IB;  Acipenser,  BT, 
C(li  Cluck,148;  general aeoonntof, 471, 
474 ;  modiScalion  ot  to  form  jaws,  473, 
474;  of  Teleostei,  477;  of  AmphiMa, 
479;  BaoTopsida,  483;  Mammalia.  484 

Uaudibnlar  bar,  evolution  of,  269,  266 

Hanis,  placenta  of,  213 

UatSDfnal  bone&,  499 

UarsQpialia,  taiUl  membraneB  of,  198;  ce- 
rebdlnm  of,  861;   oorpos  calloBom   of. 
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HaiilU,  488 

Heataiaaditoriuseitemtu,  of  Chick,  160; 
development  of,  435 

Meckelian  eartilaige,  of  Elasmobranchii, 
474;  of  Teleostei,  478;  of  Amphibia, 
460,  431;  of  SanrDpeida,  481;  of  Mam- 
malia, 486 

Hediastinmn  anterior  and  posterior,  618 

Medalla  oblongata,  of  Chick,  146 ;  geoeial 
development  of,  849 

Mediallarj  plate  of  Amphioins,  8,  4;  of 
Ascidja,  9;  Elasmobranchii,  36,  89,  46; 
Teleostei,  58;  PetromjEOn,  72;  Ad- 
penser,  86;  Lepidostens,  B2;  Amphibia, 
IM,  lOE,  108;  Chick,  181;  Lacerta,  168; 
Babbit,  166,  166, 190;  primitive  bilobed 
character  of,  261,  268 

Modus*,  anditor^  oigana  of,  438 

Membraiia  capmlo-pnpillaria,  407,  4IS, 
418 

Hembrana  elastica  externa,  460 


>£X.  649 

Membrane  bones,  of  Amphibia,  479;  of 
Saoropsida,  484;  of  Mammalia,  465; 
of  mandibnlaT  arch  488;  of  pectoral 
girdle,  492,  494 ;  ongin  ot,  486 ;  homo- 
logies o^  487 

Membratioos  labyrinth,  development  of  in 
Man,  427 

Menobranohos,  branchial  arches  of,  117 

Meseuteron  of  Elasmobranchii,  86;  Tele- 
ostei, 60;   Petromyzon,  70;  Acipenser, 

.  86;  Amphibia,  101,  102,  107;  Chick, 
139 ;  general  acooimt  of,  620 

Mesenteiy,  614,  632 

Mesoblast,  of  Amphioins,  E  ;  Asnidia, 
14,  17;  PTTosoma.  30;  Salpa,  36; 
Elasmobranchii,  36,  39;  Teleostei,  60; 
Petromjion,  71;  Acipenser,  86;  Lepi- 
dostens, 93;  Amphibia,  103,  105,  106; 
of  Ghi(^,  127,  136;  donble  origin  of  in 
Chick,  138,  180,  131;  origin  of  &om 
lips  ot  blastopore  in  Chick,  131 ;  of  area 
vascnlosa  of  Chick,  188;  Lacerta,  168; 
origin  of  in  Sabbit,  180,  165;  of  area 
vascolosa  in  Babbit,  168;  comparative 
aoconnt  of  formation  of,  343 ;  discnaaion 
of  development  of  in  Yertebrata,  347; 
meaning  of  development  of  in  Amniota, 
247;  p^logenetic  origin  of,  386;  sum- 
mary of  ontogeny  of,  2S9— 293 ;  views 
on  ontogeny  of,  392—297 

Mesoblastio  somites,  of  Amphiozus,  6; 
Elasmobranchii,  40,  45;  Petromyzon, 
73;  Adpenaer,  87;  Lepidostens,  94; 
Amphibia,  106,  106;  Cbiok,  134,  151; 
Babbit,189;  development  of  in  Choidata, 
369;  meaning  of  development  of,  374; 
of  head,  567 

Mest^aatrinm,  623 

Mesonephros,  of  Teleostei,  68,  679;  Pe- 
tromyzon, 76, 61, 677;  Adpenser,  91,581; 
Amphibia,  111,  683;  CMck,  153,  688; 
general  aoconnt  of,  569;  development 
of  in  Elaemobrancha,  670;  of  Cydosto- 
mata,  577;  Oanoidei,  681;  sexnal  and 
non-sexual  part  of  in  Amphitna,  685; 
of  Amniota,  588,  597 ;  summary  and 
general  oonclasions  as  to,  601 ;  relation 
of  to  pronephros,  603 

Mesoptetygium,  506 

Metagenesis  of  Ascidians,  39 

Metamorphosis  of  Amphibia,  118, 116 

Hetanephros,  669;  development  of  in 
Elaimobroncbiii  674;  of  Amphitna,  586; 
of  Amniota,  568;  of  Cbiek,  695;  ot  La- 
certilia,  596 ;  pt^logenj  of,  606 

Uetaptery^um,  506 

Metapteiygoid,  of  Elasmobranchii,  474, 
475;  of  Teleostei,  473 

Metazoa,  evolution  of,  280,  368;  anomtial 
form  of,  276,  286 

Mid-brain,  of  Elasmobranchii,  46,  48,  49 ; 
Petromyzon,  76;  general  acoonnt  of  de- 
velopment of,  862 

Uoina,  generative  organs  of,  613 
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MoIgnU,  dereliqimont  oC  IS 

MoIIdks,  nerroiu  ^atein  of,  S4I ;  tijea  of, 
BSe-,  aadiloiy  orttana  of,  434;  eiuretory 
or^DB  of,  662 

MoDotrem&ta,  fceUl  membranei  of,  198; 
oerebellnm  of,  351 ;  corpus  caUoaom  of, 
366 ;  ceiebnuuot,  36S ;  QrinogsniUl  sinas 
of,  G99 

HormTTDa,  i^nerative  dacts  of,  680 

Moath,  of  Amphioma,  6;  of  Ascidia,  16; 
P:rn>BOiua,  22;  Salpa,  S6;  EUamo- 
broDchii,  47.  60,  61,  5S;  PetromjEon, 
74,  77,  78,  81 ;  Acipenwr,  88;  Lepido- 
Blaaa,  98;  Amphibia,  107,  109,  111', 
Kabbit,  191;  origin  of,  203 

Mouth,  sactorial,  of  PetromyBon,  81 ;  Aoi- 
peaaer,  88;  LepidoBtens,  93,  263;  Am- 
phibia, log.  116,  2C3 

MUUeriiui  duet,  669;  of  Elaamobranohs, 
571;  afOanoids,  580;  of  Amphibia,  686; 
of  Aves,  591,  593;  opening  of  into 
cloaca,  G9S;  origin  of,  604;  aummai; 
of  derelopment  of,  601;  relation  of  to 
pronephros,  604 

MuBcle-plateB,  of  AmpbioiaB,  6;  Elasmo- 
branohii.  40,  651;  Teleostei,  662;  Pa- 
tromyzon,  77;  Chick,  151,  653;  general 
development  of,  S51 ;  of  Amphibia,  G52 ; 
AyeH,  663;  of  Mammalia,  663;  origin  of 
mnsdeB  from,  664 

Mnaeles,  of  Ascidia,  10,  14;  development 
of  from  maBcle-ptates,  664 ;  of  limbs, 
656 ;  of  head,  667  ;  of  branchial  arches, 
659;  of  eye,  659 

MoBcoiar  fibres,  epithelial  origin  of,  660 

MnBcular  system,  development  of,  650; 
of  Chorda ta,  561 

Mnatelus,  pLacenta  of,  54 

Myoepithelial  cells,  650 

Mysis,  auditory  otgan  of.  436 

Uyiine,  ovnm  of,  82 ;  olfactory  organ  of, 
439;  portal  sinna  of,  6S5;  exCKtory 
system  of,  678 

Nails,  development  of,  32) 

Nares,  of  Acipenser,  B9 ;  of  Ichthyopsida, 
440;  development  of  in  Chick,  441;  de- 
velopment of  in  Iiacertilia,  442 ;  develop- 
ment of  in  Amphibia,  443 

Nasal  bones,  487 

Nasal  pits,  Acipenser,  89;  Chick,  146; 
general  development  of,  436 

Nematoda,  excreloiy  organs  of,  6C8 ;  gene- 
rative organs  of,  613 ;  generative  docts 
of,  618 

Nemertiues,  nervons  system  of,  268;  ex- 
cretory organs  of,  561 

Nerve  cord,  origin  of  ventral,  312 

Nerves,  spinal,  869;  cranial,  874—888 

Nervous  system,  central,  general  aooooiit 
of  development  of  in  Tartebrata,  343 ; 
oonolnsians  as  to,  366;  sympathetic, 
S84 


Herrons  ^stem,  of  AmjMozns,  S ;  Aaeidia, 
IS,  14;  Molgnla,  18;  Fyroeoina,  20,  81; 
Balpa,  35,  26;  Elannobranchii,  Sfi; 
Teleostei,  62 ;  Petromyion,  73,  76 ;  Aci- 
penser, 87;  Amphibia,  104;  comparative 
acconnt  of  formation  of  central,  860 ; 
of  Saeitto,  389 ;  origin  of  in  CffllenleratA, 
239;  of  prffionl  lobe,  Sll,  SIS;  evo- 
Intion  of,  330—336;  development  of  in 
Invertebrates,  336 ;  of  Arthropoda,  337 ; 
of  Qephyrea,  340;  Mollasca,  841 

Neoral  canal,  of  Ascidia,  9 ;  Teleostei,  68 ; 
FetromyEon,  72 ;  Acipenser,  86 ;  L^i- 
doatens,  94;  Amphibia,  104, 108;  Chiok, 
138,  141;  Laoeria,  172;  closure  of  in 
Frog  and  Amphioxus,  3^ ;  doann  of  in 
Elannolvanobii,  386;  phylogeoetic  ori- 
gin of ,  363 

Neural  ereat,  869.  374,  375 

Nenrenteiic  oaoal,  of  Amphioiua,  3,  4; 
Ascidia,  9 ;  Elasmobianchii,  44 ;  Fetro- 
myzon,  72;  Acipenser,  86;  Lepidosteos, 
9S;Avea,  136;Laoerta,  168,  170;  gene- 
ral Booounl  of,  367 ;  meaning  of,  368 

Newt,  ovnm  of,  99;  development  o^  103; 
general  grovth  of,  116 

Notidanus,  vcrtebial  colunwo^  463;  biui- 
chlal  arches  of,  472 

Notoohord  of  Amphioius,  6;  Ascidia, 
10,  14;  Elasmobrauchii,  42;  Teleostd, 
60;  Petromyzon,  71.  77;  AcipenBeT,8S; 
Iiepi(lostens,  93;  Amphibia,  105,  106; 
Chick,  130;  canal  ol,in  Chiek,  135;  I«- 
oerta,  168,  169;  Uninea-pig,  187;  oiHn- 
paiative  acoonnt  of  formation  of,  343, 
269;  sheath  of,  449;  later  histological 
changes  in,  449;  cartilaginous  sheath 
of,  461;  in  head,  46T;  absence  of  in 
region  of  trabeoaln,  468 

Notoaelphy8,brood-poaeho^  100;  braachin 
of,  116 

Nototrema,  brood-poaeh  of,  100 

Nnelens  pnlposns,  460 

Oceania,  eye  of,  688 

Oocipital  bone,  489 

(Esophagus,  solid,  of  Elasmobranchii,  50, 
024;  of  Teleostei,  63 

Olfactory  capsules,  470 

Olfactory  lobes,  development  of,  366 

Olfactory  nerves,  Ammoetetea,  61;  gene- 
ral development  of,  383 

Olfactory  organ,  of  aquatic  forma,  438; 
Insects  and  Crustacea,  4S8;oITniuc*ta, 
488;  of  Amphioina,438;  of  Vertebnta, 
438;  Fetromyzon,  439 ;  of  Hyiine,  4S9 

Olfactoiysacks,  of  Elasmobnuiohii.  49,60; 
Teleostei,  59;  Petromyaon,  76,  79:  Ad- 
penaer,  87,  89;  Lepidostens,  95;  Chid, 
146 

Oligoohcta,  excretory  organs  of,  664 

Olivary  bodies,  850 

Omentum,  lesaer  and  greater,  S23 
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Ouobidiimi,  eje  ot,  S94 

Opercular  bones,  487 

Opercnlani,  of  Teleoatei,  62;  AcipenBer, 
e8;LepidoHteiia,9e,  93;Amphibia,  111 

Ophidia,  devplapment  of,  173;  uiensl 
system  of,  538;  Tenoas  B^stem  of,  639 

Optic  ohiaama,  354,  405 

Optio  cup,  retinftl  part  of,  402;  ciliary 
portiOD  of,  403 

Oplic  lobes,  862 

Optic  nerve,  deretopmeut  of,  405 ;  compa- 
rative deyelopmeat  of,  411 

Opiio  tbalami,  derelopment  of,  S56 

Optio  Teaicle,  of  BlaamobEaDohii,  4& — 48; 
TeleOBtei,  69,  410;  PetromyzoB,  73.  76; 
Aoipenaer,  87;  Ijepidoslsua,  94;  Chick, 
141 ;  Babbit,  190;  general  development 
of,  SBS;  formation  of  secondar;,  401; 
obliteration  of  oavity  of,  402;  comparo- 
tiTO  development  of,  410 ;  of  Lepidostena 
and  Teleostei,  410.    Set  also  'E;e'. 

Ora  B«tTa(a,  402 

Orbitosphenoid  region  of  sknll,  470 

Organs,  olassifieation  of,  323;  derivation 
of  from  germinal  l&yera,  334 

OrjcteropDs,  plaemta  of,  207 

Otic  process,  of  Aiolotl,  480;  of  Frog, 
481  et  seq. 

OtoUthG,  423 

Oviposition,  of  Amphioias,  1 ;  Elasmo- 
branchii,  83;  Teleostei,  65;  Petromj- 
zoQ,  69;  Amphibia,  100;  tteptilia,  167 

Ovum,  of  Amphioina,  1;  PyroBoms,  19; 
Elosmobranchii,  83;  Teleostei,  65; 
Fetromyzon,  68;  Myiine,  82;  Acipen- 
B«,  84;  Lepidostens,  91;  Ampbibia,  99; 
Clllcti,  121;  Reptilia,  167;  Mammalia, 
177;  of  Porifara,  610;  migration  of  in 
Ccelenterata,  611;  Vertebrata,  614 

Palatine  bone,  of  Teleostei,  478;  origin 
of,  488 

Fancreaa,  Acipenser,  91;  general  develop- 
ment of,  633 

Pancreatic  csca,  of  Teleostei,  eta.  632 

P&pillie,  oral,  of  Acipenser,  89;  Lepidoo- 
tens,  96 

Paracbordala,  46G 

Parasphenoid  bone,  486- 

Parepididymia.  597 

Pori^al  bones,  487 

Paroophoron,  697 

Parovariam,  697 

Pectoral  girdle,  492;  of  Elumobraneha, 
498;  (^  Ieleo«tei,  493;  of  Amphibia 
and  Amniota,  493 ;  comparison  of  with 
pelvic,  600 

Pecten,  t^e  of,  394 

Peeten,  of  Ainmoostefi,  410;  of  Chick, 
412;  Lizard,  418;  Elasmobranobs,  413 

Pedicle,  of  Aiolotl,  480;  of  Frog,  481 

Pelobstes,  brandiial  apertures  of,  112; 
vertebral  column  ot,  468 


Pelodytes,  branchial  chamber  of,  112 

Pelvio  girdle,  497;  of  Fishes,  497;  Am- 
pbibia and  Amniota,  498;  of  Looerti- 
li^  499;  of  Mammalia,  499;  compari- 
son with  pectoral,  EOO 

Penis,  development  of,  599 

Peribronchial  cavity,  of  AmphioioB,  6 ;  of 
Ascidia,  16 ;  Fyroaoma,  20 

Pericardial  cavity,  ofPyrosoma,  31;  Elas- 
mobrancbii,  40;  Petromyzon,  77:  gene- 
ral account  of,  614;  of  Fishes,  616;  of 
Amphibia,  &aiir<^<nda  and  Mammalia, 
617 

Periobordal  formation  of  vertebral  oolmnn. 


490 

Peripatos,  nervone  syatem  of,  837;  eye  of, 
396;  excretory  organs  of,  667 

Peritoneal  membrane,  S14 

Petromyzon,  development  of,  68;  afflni- 
ties  of,  63,  69;  general  development 
of,  72;  hatching  o^  73;  comparison  of 
gastmla  of,  238;  branchial  skeleton  of, 
359,  471;  cerebeUnm  of,  S50;  pineal 
gland  of,  867;  pituitary  body  of,  859; 
cerebmm  of,  361;  anditory  organ  of, 
436;  olfactory  organ  of,  439;  compari- 
of  oral  skeleton  of  with  Tad]    ' 


'adpole, 
482;  pericardial  cavity  of,  516;  obdo- 
,1  pores  of,  616;  veaoos  system  of, 
excretory  organs  of,  577;  segmen- 
tal dnct  of,  677;  pronephros  of,  677; 
meaoaepbroE  of,  677;  thyroid  body  of, 
635;  postanal  gnt  of,  636;  Etomodsmu 
of,  639 

Phospborescence  of  larva,  801 

Fbylogeny,  of  the  Cbordata,  971 ;  of  the 
Metazoa,  816 

Pig,  placenta  of,  309  ;  mandibular  and 
nyoid  arcbee  of,  484 

Pineal  gland,  of  Pctromyzon,  76;  Chick, 
145;  general  development  of,  866 ;  natura 
of,  366,  358 

Fipa,  brood-pooch  of,  100  ;  metamorpho- 
sis o^  114;  yolk-sack  of,  116;  vertebral 
oolomn  0^  458 

Pitnitary  body,  of  Rabbit,  191;  general 
development  of,  368  ;  meaning  of,  869 

Placenta, ofSalpa, 24;  Ela8mobrBnchii,64; 
of  Mammalia,  193;  villi  of,  195;  de- 
ddnate  and  non-deddaate.  198 ;  com- 
parative aocount  of,  198^316;  charao- 
tora  of  primitive  type  of,  199;  zonary, 
206;  non-deoidaate,  307;  histology  of, 
216;  evolution  of,  216 

Placoid  scales,  326 

Flanarbin,  ezeretory  organs  of,  663 

Planula,  stmctnre  of,  803 

Pleural  carities,  618 

Pieoronectidss,  development  of,  65 

Pneamatoc<BlB,  eharaoters  of,  271 


3y  Google 


PoljgordiuH,  euuetorj  orgaiia  of,  664 

Pol;ophthaltniia,  e^e  of,  394 

FolypedateB,  biood-poQch  of,  100 

Pol7Zoa,  eicietor?  organs  of,  663 ;  gene- 
Tstive  cells  of,  61S ;  generative  duoti  of, 
618 

FonB  Varolii,  351,  3E3 

Fori  abdominalee,  AmmoccetaB,  81 

Porifsrft,  anceatnl  focm  of,  385 ;  develop- 
tnent  of  generative  cells  of,  610 

Poital  vein,  536 

FoBtftnal  gat  of  EUsmobranchii,  47,  46, 
49;  Teleostei,  61i  Chick,  140;  geaeral 
acconnt  ot,  267,  634 

Prsmaiilla,  488 

Pneopercular  bone.  487 

Pcaorsl  lobe,  gallon  of,  311,  G13 

Prefrontala,  490 

FreHpheuoid  region  of  skull,  470 

Frimitire  groove  ot  Chick,  138 

Primitive  streak,  of  Chick,  136,  184; 
meaning  of,  137  ;  origin  of  meaoblaat 
form  in  Chick,  137,  128;  contiDuitjr  of 
hypoblaat  with  epiblast  at  anterior  end 
of,  in  Chick,  139 ;  comparison  of  with  blas- 
topore, 137;  (ate  of,  in  Chick,  137;  ot 
Lscerta,  168 ;  of  Ral>blt,  184 ;  ofQninea- 
pig,  186  ;  foaion  of  layers  at,  in  Rabbit, 
166;  comparison  of  with  blastopore  of 
lower  fonuR,  187,  288;  of  Mammalia, 
2*1 

ProcessoB  falciformis  of  Ammoccetes,  410  ; 
of  Elaamobranch,  413 ;  of  Teleostei,  414 

Proetodieaai,  643 

Fronephros,  of  Teleoatei,  63,  678;  Pe- 
tromyzon,  78,  81,  577 ;  ActpeaBer,  68, 
91;  Ami^bia,  110,  683;  general  ac- 
oount  of,  668 ;  of  Cyclostomata,  677  ;  of 
Myiine,  576;  Oaaoidei,  681;  of  Am- 
□iota,  583 ;  of  Chick,  6J1 ;  smnmar;  of 
and  geneT«l  oonclosiona  as  to,  600; 
relation  of,  to  mesonephroa,  603 ;  oaose 
of  atroph;  of,  601 

Prootia,  489,  490 

ProptoiTdmn,  506 
'Frot«Ba,  eranchial  atcheaof.  117 

Frotochoidata,  eharaoters  of,  271 

Protoganoidei,  characters  of,  272 

Protognathoatomata,  oharacterB  of,  371 

Protopentodaotyloidei,  characters  of,  273 

Fiotovertebrata,  characters  of,  371 

Fseudia,  Tadpole  of,  IIS ;  vertebral  oolumn 
0^458 

Pseudophiyne,  yolk-saok of,  116;  Tadpole 
of,  116 

Pterygoid  bone,  of  Teleostei,  476 ;  origin 
of,  188 

Pteiygoquadrate  bar,  of  ElaRmobraoehii, 
474;  of  Teleostei,  478;  Aiolotl.  4.0; 
Frog,  481;  of  Souropiida,  4B4 ;  of  Mam- 
Bialia,  484 

pulmonary   artery,  origin    of,    630 ;    of 
^     Amphibia,  531 ;  of  Amuiota,  588 


Fulmonaij  vein,  538 

Papil,  403 

FycoBoma,  development  of,  19 

Qnadrate  bone  of  Teleostei,  478 ;  of  Asolotl. 

460;   Frog,  461;  Sanropsida,  484 
(jaadratojugai  hone,  488 


199 

Badiate  symmetry,  pasitage  from  to  bi- 
lateral symrnet^,  806—310 

Baja,  candal  vertebne  of,  455 

Bat,  placenta  of,  200 

Beoessas  labjrinthi,  427 

Beissner'a  membrane,  433 

Reptilio,  development  of,  167 ;  viTipaxons, 
167  ;  cerebellum  of,  860  ;  infondibnliun 
of,  366;  pituitary  body  of,  859;  eeic- 
bnun  0^  861 ;  vertebral  column  of, 
458;  arterial  system  of,  633;  venons 
system  of,  639 ;  meaonephros  of,  588 ; 
teaticnlar  network  of,  596 ;  speimatozo* 
of,  615 

BesUform  tracts  of  Elosmobranchii  and 
Teleostei,  860 

Betina,  histogenesis  of,  404 

Betinuls,  396 

Bhabdom,  396 

Bhinodenna,  brood-pouch  of,  100;  meta- 
morphosis of,  115 

Bibs,  development  of,  463 

Bosenmiiller's' organ,  597 

Botifera,  excretory  organs  of,  661 

Bound  ligament  of  liver,  646 

Bnminantia,  placenta  of,  311 

Sacci  vascnlosi,  366 

Sacctilus  hemiaphericus,  427 ;  of  Uamma^ 
436,429 

Sagitta.    Ste  '  Chntognatha ' 

Salpa,  sSKoal  development  of,  24  ;  asexnal 
development  of,  88 

Salamandza,  larva  of,  117;  vertebral 
colnmn  of,  456  ;  limbs  of,  609  ;  mesooe- 
phrOH  of,  688  ;  MliUerian  dnct  of,  686 

Salmonidie,  hypoblast  of,  67;  generative 
dncts  of,  680 

Sauropaida,  gastnila  of,  238 ;  meaning  of 
primitive  streak  of,  339 ;  bloshqiore  of, 
340 ;  mandibular  and  hyoid  arches  of, 
483 ;  pectoml  girdle  of,  493 

Scsla,  vestibuli,  480 ;  tympani,  430 ;  media, 
430 

Scales,  general  development  of,  837 ;  de- 
velopment of  placoid  scales,  836 

ScapnU,  493    - 

Sclerotic,  401 

Scrotum,  development  of,  699 

Scyllinm,  caudal  vpttsfene  of,  463 ;  mandi- 
bular and  lipoid  arches  of, '176 ;  peotonl 
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girdle  ot,  498  ;  limU  of,  501 ;  pelvic  fin 
of,  504 ;  peotoTol  fin  of,  6M 

B«miiental  duct,  566  ;  development  of  in 
Elasmobruicbe,  669  ;  ot  Cjclostomala, 
677;  ofTGleostei,67S;  ot  Oanoidei,  680, 
581 1  of  Amphibia.  68a ;  ot  Anmiota. 
5BS 

Segmental  organs,  663 

Segmental  tnbes,  569  ;  development  ot  in 
ElaimobmnchB,  670 ;  rudimentary  an- 
terior  in  ElasmobranchB,  671 ;  develc^ 
ment  of  sacondii?,  602 

Segmentation  atvitj,  ot  Etasmobranchii, 
54—86;  TeleoBlei,  G6, 69, 70;  Ami^ibia. 
100,  103 

Segmetttation,  nteaning  of,  3T4 

Segmentation  ot  ovum,  in  Amphioms,  2  ; 
Ascidia,  8 ;  Molgula,  18 ;  Pjrrosoma, 
19;  Salpa,  25;  Elasmobrancbii,  83; 
TeleoBtei.  66;  Petromjzon,  69;  Aci- 
penser,  84  ;  Lepidoatena,  OS  :  Amphibia, 
100,  109;  Newt,  103;  Chick,  191; 
Lizard,  167 ;  Babbit,  177 

Semicircular  canals,  497 

Sense  organs,  comparatiTe  acconut  ot 
development  of,  352 

Septa  m  lucidom,  365 

Serous  membiane,  Lacerta,  179 ;  of  Babbit, 
196 

Seventh  nerve,  development  of,  377 

Shell-gland,  of  Cnietacea,  668 

Shield,  embr7oiiLC,  of  Chick,  135;  of 
Locerta,  167 

SimiadK,  placenta  of,  205 

Sinus  rhomboidalis,  ot  Chick,  134 

Sinus  venosuB,  624 

Sirenia,  placenta  of,  312 

Sixth  nerve,  361 

Skate,  mandibular  and  hjoid  arches  of, 
475 

Skeleton,  elements  of  found  in  Vertebrata, 
447 

Skull,  general  development  of,  466 ;  hiato- 
lioal  account  of,  465;  development  of 
cartiloginonB,  466  ;  cartilaginous  valla 
of,  470 ;  compoajtion  ot  ptimitiva  car- 
tilaginous cranium,  466 

Somatopleure,  of  Chick,  141 

Speleipea,  branchial  archea  of,  117 

Spermatozoa,  of  Porifera,  612 ;  of  Verte- 
braU,  614 

Sphenoid  bone,  439 

Sphenodon,  fayoid  arch  of,  483 

Spinal  cord,  general  a«connt  of,  849 ; 
white  matter  of,  843  ;  central  canal  of, 
843,  346;  eommissnres  of,  B43;  grey 
matter  of,  313 ;  flssares  of,  344 

Spinal  nerves,  posterior  roots  of,  369 ; 
anterior  roota  of,  373 

S|dracle,  of  Elssmobranohii,  50 ;  Aeipen- 
ser,  87;  Amphibia,  113 

Spiral  valve.    Set '  Valve ' 

Spleen,  547 


Bplenial  bone,  488 

Squamosal  bone,  487 

Stapes,  436 ;  of  Mammal,  485 

Sternum,  dsvelopment  of,  463 

Stolon  of  Doliolum,  24 ;  Salpa,  38 

Stomodeeum,  636 

Stria  vaaoularis,  431 

Styloid  procesF,  486 

Sub-intestinal    vein,    585;    meaning    of, 

6S6 
SjugnathuK,  brood-poach  of,  66 
Snbnotochordal  rod,  of  Elaaaobranohii, 

46 ;  Fetromyzon,  77 ;  Acipenser,  91 ;  Le- 

pidos:«uB,  96  ;  general  account  of,  680  ; 

compariaon  of  with  siphon  of  Chsto- 

pods,  623 
Sabzonal  membrane,  ISS;  villi  of,  165 
Sulcua  of  Munro,  355 
Saproclavicle,  493 
Suprarenal  bodiea,  647 
Snpra-temporal  bone,  497 
Swimming  bladder,  ite  Air  bladder. 
Sylvian  aqneduct,  353 
Sylvian  fiMore,  366 
Sympathetic    ganglia,    development    ot, 


Tadpole,  111.  114,  116;  phylogenetic 
meaning  of,  113 ;  metamorphosis  of, 
118;  meaning  of  anctorial  month  of, 
481 

Tail  ot  Teleoat«i,  64 ;  Acipenser,  89 ;  Le- 
pidoHleas,  97 ;  Amphibia,  109 

Tarana,  development  of,  G09 

Teeth,  homy  provisional,  of  Amphibia, 
113;  general  development  of,  640; 
origin  of,  640 

Telecetei,  development  of,  S6;  viviparona, 
55 ;  compariaon  of  foimation  of  layers  in, 
336;  reatiform  tracts  of,  360;  mid-brain 
of,  362 ;  infandibulum  of,  866 ;  cerebrum 
of,  361;  nares  ot,  440;  lateral  tine  ol, 
444 ;  notochord  and  membrana  elaatioa 
of,  463 ;  vertebral  column  of,  466 ;  ribs 
of,  463 ;  hyoid  and  mandibular  Eu«beB 
of,  476;  pectoral  girdle  ol,  498;  pelvis 
girdle  of,  498 ;  limbs  of,  507 ;  heart  oi^ 
638  ;  arterial  system  of,  630 ;  mniole- 
plates  of,  662 ;  excretoiy  organs  of,  678 ; 
generative  dncts  of,  580,  606,  616; 
swimming  bladder  of,  627;  postanal 
gat  of,  636 

Teredo,  nervoas  system  of,  341 

Test  of  Ascidia,  12 ;  Salpa,  96 

Testicular  network. of  Elasmobranohs, 674; 
of  Amphibia,  686 ;  BepUlia,  596 ;  of 
Mammals,  696 

Testis  of  Vertebrata,  614 

Testis,  connection  of  with  Wolffian  body, 
in  Etasmobranchii,  574 ;  in  Amphibia, 
685 ;  in  Amniota,  696 ;  origin  ot,  606 

Thalamencepbalrn  of  Chick,  146 ;  general 
development  of,  354 
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Third  aene,  development  of,  S78 

Thymtu  elaad,  637 

Thjroid  gland,  PstromjEon,  75 ;  general 
account  or,  624;'  nature  or,  625;  de- 
velupment  of  in  Yeriebiata,  626 

Tooth.    See  •  Teeth ' 

Tori  semioitcolareB,  352 

Tomaria,  307 

Trabeculs,  466,  466 ;  nature  of,  468 

Trachea,  630 

Trematoda,  cicretor;  orgaDS  ot,  561 

Triton  alpeEtris,  eeiual  larva  of,  US 

Triton,  developicent  of  limbs  of,  5U!J ; 
nrinogenital  organs  of,  5B7 

TmncoH  arterioane,  524;  of  Amphibia, 
525;  of  Birds,  52G 

Tnnioata,  development  of  meBoblast  of, 
243 ;  test  of,  326 ;  eye  of,  41B ;  auditory 
organ  of,  436 ;  olfsctor;  or^  of,  483 ; 

SaneratiTe  duct  of,  616;  inteetine  of, 
Bl;  postanal  gut  of,  634;  atomodieum 
of,  639 

Turbellaria,  excretory  organs  of,  561 

Tympanic  anaaluB  of  Frog.  483 

Tympanic  cavity,  of  Amphibia,  111 ;  Chick, 
149;  Babbit,  192;  general  development 
of,  435  ;  of  Mammali,  465 

Tympanic  meml»'ane.  of  Chick,  150 ;  gene- 
ral development  of,  435 

Tympanohyal,  486 

Umbilical  canal  of  Elaamobranchii,  4S, 
47.  48,  49 

Umbilical  cord,  19T ;  vessels  of,  193 

UnguUta,  placenta  of,  20S 

Urachns,  19(<,  699 

Ureters,  of  Elaamobranchii,  S71 ;  develop- 
ment or,  696 

Urethra,  699 

Urinary   bladder  ot  Amphibia,   587;    of 


Urinogenital  oi^ans,  let  Excretory  organs. 

Urinogenital  sinns  of  Fetrom  ""' 

of    Sauiopeida, 


[  Fetromyion,  677; 
18 ;    of    Uammalia, 


Uterus  maBCulinus,  69S 
Utriculus,  427 
Uvea  or  iris,  403 

TagUB  nerve,  development  of,  ST4,  STS ; 

intestinal  branch  of,  376  ;  branch  of  to 

lateral  line,  377 
Valve,   spiral,  of   Petromyzon,   79 ;    Aci- 

penser,  91 ;  general  account  of,  631 
Valves,  B^nilunar,  627 ;   auriculo-ventri- 

cular,  538 
Vaaa  efferentia,  of  Elasmobrancfas,   674  ; 

of  Amphibia,   586;   general  origin  of, 

697 
Vascular  system,  of  Amphioxns,  7 ;  Petro- 


uyKon,  60;  IieindoBteus,  96;  geoersl 
development  ot,  619 

Vas  deferens,  of  Elasmobranchii,  575 ;  pf 
Amniota,  596 

Vein,  Bub-intestinal  of  Fetromyioa,  SO; 
Acipenaer,  91 ;  Lepidosteus,  96 

Velum  of  Petromyzon,  74 

Vena  cava  inferior,  development  of,  £38 

Venona  system  of  Petromyzon,  80;  gene- 
ral development  of,  535  ;  ot  Fishes,  535  ; 
ol  Amphibia  and  Amniota,  638 ;  of 
Beptilia.esg;  ot  Ophidia,  539 ;  orA-ves, 
541 ;  of  Mammalia,  645 

Ventricle,  fourth,  of  Chick,  146  ;  history  of, 
849 

Ventricle,  Uteral,  860,  362  ;  fifth,  3G5 

Ventricle,  third,  of  Chick,  146 

Vertebral  bodies,  of  Chick,  151 

Vertebral  column,  development  of,  ti9, 
153;  epichordal  and  perichordal  de- 
velopment of  in  Amphibia,  453 

Vespertilionidie,  early  development  of,  179 

Vieossena,  valve  of,  351 

Villi,  placental,  of  gotta  radiata,  195 ;  sul>- 
soual  membmne,  195;  chorion,  197; 
Man,  204  ;  comparative  account  of,  215 ; 
of  young  hnman  ovum,  221,  22S 

Visceral  arches,  Amphioius,  6;  Elasmo- 
branchii,  47—60;  Telsoatei.  62;  Aci- 
penaer, 87 ;  Lepidoatena,  96 ;  Amphiln^ 
109,  110;  Chick,  147;  Babbit,  191; 
prtBoral,  470;  relation  ot  to  head  ca- 
vities, 471 ;  disappearance  oF  poatciior, 
4T2;  dental  plates  of  in  Teleostei,  473 

Visual  organs,  evolution  of,  387 

Vitelline  arteries,  of  Chick,  182 

ViteUino  veins,  of  Chick,  162 

Vitreous  humour,  of  AmmootEtes,  81 ; 
general  development  of,  107;  bloods 
vessels  of  in  Mammals,  414 ;  mcso- 
blastic  ingrowth  in  Mammals,  414 

Vomer,  488 

White  matter,   of    spinal  cord,  342;    of 

brain,  318 
Wolffian  body,  tee  '  Mesonephroi ' 
Wolffian  dnct,    first  appearanoe  of   in 

Chick,   152;  general  account  of,   669; 

of  Elasmobrancha,  571 ;  of  Ganoids,  580 ; 

or  Amphibia,   585;   of  Amniota,  6:8; 

atrophy  of  in  *■""' 
Wolffian  ridge,  163 

Tolk  blastopore,  of  Elasmohranchii,  62 

Tollc,  folding  off  of  emb^o  In»n,  in 
Elaamobranchii,  46;  in  Teleoatei,  62; 
Acipenser,  87 ;  Chick,  139,  141 

Yolk  nadei,  ot  Elaamobrancbii,  84,  14; 
Teleostei,  66,  61 

Tulk,  of  Elaamobranchii,  S3;  Teleostei, 
5S ;  Petromyzon,  79 ;  Acipenser,  90 ; 
Amphibia,  101,  107;  Chick,  121;  in- 
fluence of  on  formation  of  layers,  330; 
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influenoe    of    on    evly    development,  atatkot,  112;  geoeral  aocoant  of,  161; 

282,  383  oireolalioD  of,  163 ;  Utei  history  of,  164 

Yolk-Mok,  Amphibia,  108,   US,  IIB;  en-  Tolk-sook  of   Elasmobnuiehti,   enclosare 

dosare  of,  101  of,  61.  236 ;  oireuUtioii  of,  63 

Yolk-sack,  deTelopmeot  ol  in  Babbit,  1S8 ;  ,  Tolk-Mck  of  Lacerta,  173 ;  ciroulatioa  of, 

of  Matnmftlia  redaced,  188;  circulation  '^     173 

of  in  Babbit,ilQ8; 'enclosure  of  in  Banio-  Yo!k-saok,  Teleo«tei,  61,  66;  enoloanre  of, 

psida,  340    '        '  60 ;  drcnlation  of,  66 
Yolk-sack,  encloenre  o(,  Petromyzoa,  70 

Yolk-saok,  Lepidostens,  97  Zona  radiata,  villi  ot,  195 

Yolk-Mek  of  Chick,  oiclasiire  ot,  133;  ZonoU  of  Zinu,  407 
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